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Tit Is? j a-arayiase var iant s 

FIELD OF THE INVENTION 

The present invention- relates to novel variants of parent 

s Termamyl-like a -aliases: with altered properties relative of the 
parent alpha -amylase. Said properties include increased 
stability, e.g., at acidic pK, e.g.,. at low calcium 
concentrations and/or high teiaperatures.. Snaeh variants ate 
suitable for a number of applications, in particular, industrial 
so starch processing (e.g., starch liquefaction or 
saccharifiication) . 

BACKGROUND OF THE XHVBNTION 

a~&%nXasee (a - I , 4 "glucah-4-gincanohydr61ases, EC 3 .2 .1,1} 

is constitute a group of enzyms which catalyze hydrolysis: of 
starch and other linear and branched .x f .4~gIuoosidie oiigo- and 
polysaccharides. 

There is a very extensive body of patent and scientific 
literature relating: to this. . industrially very important class of 

20 enzyme a, A putter of a- amylase such as Tsrnmwl-like &- 
ataylases variants are known from, shgc, W© S0/1OS2, WO 
95/10603 , WO 95/26337 < WO S.S/21873 and WO 96/23874, 

WO 36/23874 provides the throe -dimensional , X~ray crystal 
structural data for a Terassrnyl - 1 ike a -amylase which consists of 

M the 300 N-texminal amino acid residues of the E. 
amyloliqu&faciens a -.amylase and amino acids 301-483 of the C- 
terminal end of the .B. lighenif^miM <x -amylase comprising the 
amino acid sequence (the latter being available commercially 
under the tradename Termansyl^} and which is thus closely 

30 related to the industrially important Bacillus a- amylases (which 
in the present context are embraced within the meaning' of the 
term "Texmamyl-like a-amylases- , and which include, inter alia, 
the B, lichaniftirmis, B< a^i of igoef aniens and S. 
s tear© thermophi lus a~atny'iases} . WO 36/23874 further describes 

35 methodology for designing, on the basis of an analysis of the 
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structure of a. parent Termamyi- like a-amylase f variants of the 
parent Termamyi -like a-amylase which exhibit altered properties 
relative to the parent, 

5 BRIEF DISCLOSURE OF THE TtSVmWXCtS 

The present invention relates to novel ce-amyl'olytic 
variants (mutants), of a ^ermasByl-iike a-sraviase, in particular 
variants exhibiting Increased stability at acidic pB at high 
temperatures {relative to the parent) which are advantageous in 
2.8 connection with, e.g. , the industrial processing of starch 
(starch liquefaction, saeeharif ieseion ana the like) as 
described in lit Patent ha. 3,912,590 and BP patent publications 
Ngs. 252,730 and 63,909. 

is Star eh conversion 

A "traditional" starch eoiryerMob process degrading starch 
to lower molecular weight carbohydrate components such as 
sugars or fat reflasers includes a debranching step. 

20 ^Starch to sugar 3 ' conversion 

In the case of converting starch into a sugar the starch is 
dspoiytsseri zed , A such depolymerizat ion process consists of a 
pretrestment step and two or three consecutive process steps* 
via, a liquefaction process, a saeeharif icat ion process and 
25 dependent on the desired end product optionally an 
isomer! rat ion process - 

M^I«.lJlg« starch 

Hative starch consists of microscopic granules which are 

30: insoluble in water at room tesiperatnrs , When an -aqueous starch 
slurry is heated, the granules swell and eventually buret, 
dispersing the starch sioiecuifes into the solution. During this 
"geiatinisation" process there is a dramatic increase in 
viscosity. As the ebi ids level is 30-4 0% in a typically 

35 industrial process, the starch has to be thinned or "liquefied* 
so that it can be handled. This reduction in viscosity is today 



mostly obtained by enzymatic degradation. 

During the liquefaction step,, the long chained starch is 
s degraded into branched and linear shorter units (maitodextrinss) 
by an a- amylase {®<g, , Termamyl TSS SSQ ID NO: 4. herein}. The 
liquefaction process is carried out at acs-iiO c e tor 5 to 10 
minutes followed by 1-2 hours at S5 fl C, The pH lies between B.S 
and 6.2. In. order to ensure an optimal enzyrae stability under 
id these conditions, 1 mH of calcium is added (40 ppm free calcium 
ions) , After this treatment the liqaefied starch will have e 
"dextrose equivalent" (DS$ of 10-lS, 

SaoehjiriJac^ 

3.S After the liquefaction, process, the maitodextrins are 
converted into dextrose by addition of a glucoafm/lase (e<q« > 
and a debraneh ing .enzyrae, such as an isoataylase (US 
Patent; 4,333,208} or a pullalahase Promo zyme !W ): iVS-: 

Patent 

so 4,SSS,651). Before this step the pH is reduced to a value below 
4,5*; maintaining the high temperature (above 95°C) to 
inactivate the liquefying a-amyl&se to reduce the formation of 
short oligosaccharide sailed "panose precursors" which cannot 
be hydrolyzed properly by the debranehing enzyme . 

23 The temperature is lowered to 60*0, and glueoamylase and 

debranching enzyme are added. The saccharif ication process 
proceeds for 24-72 hours . 

Normally, when denaturing the a-amylase after the 
liquefaction step about 0.2-0, S% of the saccharif ieat ion 

30 product is the branched txisaccharide £*-a - glueosyi maltose 
(panose) which cannot- be degraded by a puXlulanase . If active 
amylase frotn the iiguef action step is present during 
saechari float Ion (i.e., no denaturing) , this level can be as 
high as 1-2%, which is highly undesirable as it lowers the 

ss saccharification yield significantly. 
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Mian the desired final sugar product is e,f< high fructose 
syrup the dextrose syrup may be converted into fructose, 
s After the sseeharif i cation freoess the pH is increased to a 
value in the range of &~B f preferably pH 7.5, and the calcium 
is removed by ion exchange, Tbe dextrose syrup is then 
converted into high fructose syrup using, e.g., an immobilized 
glucose isomsrase (such as Sweet syme^}. 

19 

In she context of the invention the term "acidic pH" means a 
pK below 7.0, especially below the pK range in which industrial 
starch liquefaction processes are traditionally performed, as 
described above, which is between pH 5.5 and 6.2. 

is In the context of the present invention the term flew 
Calcium concentration" means concentrations below the normal 
level used in traditional industrial starch liquefaction 
processes, such as between 0-40 ppm, preferably between 10-30 
ppm, such as between 15-25 ppm Calcium. Normal concentrations 

as vary depending of the concentration of free Ca 2 * in the corn. 
Normally a dosage corresponding to ImM (4Gppm) is added which 
together with the level in corn gives between 40 and 60 ppm tree 
Or" . 

In the context of the invention the term "high temperature" 
as means temperatures between 95 and lS0°C e especially the 
temperature range in which industrial starch liquefaction 
processes are normally performed, which is between 95 and 10S n C, 

The invention further relates to mh censor act a seceding 
3v variants of the invention, to methods for preparing variants of 
the invention, and to she use of variants of the invention, 
alone or in combination with other a-amyi.oiyfcic onsymes, in 
various industrial processes, in particular starch liquefaction. 



35 lomenclature 

In the present description and claims, the conventional one- 
letter and three •• letter codes for amino acid residues are used. 
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For ease of reference, d~am|a&se variants of the invention are 
described by use of the f oliovipg noiaenclatnre ; 
Original amino acid (s) npositiouts} t substituted amino acid is) 

According to this nomenclature , for instance the 
S substitution of alanine tor asparagine in position 3C is shown 
as i 

&la3GAsn or A3 08 

a deletion of alanine in the same position is shown as: 
Ma30* or A30* 

10 and insertion of an additional amino acid residue, suet as 
lysine, is shown as: 

AlalOAlaLys or A3 OAK 

A deletion of a consecutive stretch of amino acid residues, 
such as amino acid residues 30-33, is indicated ass (30-3:3 5 * or 

is A(A30-N33) - 

jtfhere a .specific d~ amylase contains a "deletion" in 
comparison vith other a- amylases ,ahd an insertion is mads in 
such a position this is indicated, m- 

* 3 SAsp or *36D 
2b lor insertion of an aspsrtic: acid in position 36 

Multiple mutations are separated by pd:us signs, i.e.: 

Aia30Xsp 4- Glu34Ser or A305J+E34S 

representing mutations in positions 30 and, 34 substituting 
alanine and glutamic acid for asparagine and serine, 
as respectively. Multiple mutation may also be separated as 
follows, i.e., meaning the samis as the plus sign? 

Ala3QAsp/Glu34Ser or A30H/E34S 

When one or isore alternative amino acid residues may be 
inserted in a given position it is indicated as 
30 A30N/B or 

A3 ON or A3 OH 

Furthermore, when a position suitable for modif icatioa is 
identified herein without any specif io modification being 
suggested, it is to be understood that any amino acid residue 
3s may be substituted for the amino acid residue present in the 
position. Thus, for insr&nce, when a modification of an alanine 
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in position 30 is mentioned, but not specified, it is to foe 
understood that the alanine m&y he deleted or substituted for 
axiy other amino acid, i.e-.,. any one of s 
E f NT, S: f A, C, Q: ( E > 0< H , I , L, K f I ( F ( F> 8 , T> W, Y, 

3 

BEXEF DESCRIPTION OF THE DBAWINS 

Figure 1 is an alignment of &? amino acid sequences of six 

parent Termamyl--like o-amylases in the context of the invention. 

The ntaafoera on the Extreme left designate the respective amino. 
io acid. sequences as follows; 

1; SBQ ID MO: 2, 

Si amylase 

3 t SEQ ID NO : i , 

4; SEQ ID NO; 5, 
is 5; SEQ ID NO; 4, 

S; SEQ ID NO: 3. 

Figure 2 shows the PCR. strategy hsed in Sxasfie 1. 

:S§. msmiMD .BXSCS.OSUHE OF THE IHVENTXOH 

^^^.~.I.ike a- amylase. 

It is well known that a number of a--anylases produced hy 
Bacillus spp, are highly homologous on the amino acid level. For 
instance, the S. lich&nirhrmis ce-amyl&se comprising the -amino 

25 acid sequence shown in SEQ ID MO: 4 (compere ielly available as 
Termamyl™) has been found to he about 89% homologous with the 
B, amyloli qitetaci ens a-amylase comprising the amino acid 
sequence shown in SEQ ID : BCh 5 and about 79% homologous with the 
S.. stearotheCTophilus a-aicyla:se comprising the amino acid 

30 sequence shown in SEQ ID NO: 3< Further homologous a -amylases 
include an ^-amylase derived from a strain of the Bacillus sp. 
MCTB 12389, MCIB 12512 f MCXBI25I3 or DSH 9375, all of which are 
described in detail in WO 95/M39?, and the ^-amylase described 
by Tsukamoto et al,, Bijachsmical M<i--M^^§i — E&d^ar-rh 

35 oogimoigations, isx iismi, pp. 25-31. 
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Still further homologous a-amylases include the a-amylase 
produced by the B. lich^ni£i>xmis stam described in EP Q2S2S6S 
(ATOC 27811} i and the «-armylasss identified in WO 91/00353 and 
WO 94/183X4. Other commercial Tsrmaswl-like B, livheniforsiis 
s a-asr/lases are Optitherm m and mkafharm™ (available from 
Solvay) > Maxamyi™ {available from Gist -brocades /Genencor) , 
Speaytn,&A TM and Speryme Delta M** (available from Qenencor) , and 
Keistase™ {available from Baiw&h. 

Because of the substantial homology found between these a- 

is amylases, they are considered to belong to the same class of «•• 
amylases, namely the class of n ?ermamyi -like a- amylases H . 

Accordingly, in the present context, the term ^ermamyl-- like 
a-aim/lsse" is intended to indicate an a-amylase which, at the 
amino acid level, exhibits a substantial homology to termamyl'^,. 

is i.e., the B. liahaniformiz oamylase having the amino acid 
mqiiem® shown in SEQ 10 NO: 4 herein. In other words, a 
Termamyi-like a -amylase is an a -amylase which has the amine 
acid sequence shown in SEQ ID SOS: 1, 3, 3, 4, 5, S> 7 or 8 
herein, and the amino acid sequence shown in SEQ ID KG: 1 of vvC 

20 9S/2S397 (the same as the. amino acid sequence shown as SEQ ID 
NO; 7 herein} or in SEQ ID NO: 2 of WD 95/263.97 (the same as the 
amino acid sequence shown as SEQ ID NO ; 8 herein) or in 
^sukamoto et al . , 198:8., (which amino acid sequence is shown in 
SEQ ID MO; 6 herein) or i) which displays at least 6Ci homology 

as (identity),: preferred, at least 70%, more preferred at least 75%, 
even more preferred at least 30%, especially at least 35%, 
especially preferred at least 90%, especially at least 95%, even 
especially more preferred at least 97%,. especially as least 99% 
homology with at least one or said, amino acid sequences shown in 

so SEQ ID NGS I: or 2 or 3 or 4 or 5 or 6 or 7 or 8 and/or ii) 
displays immunological cross-reactivity with an antibody raised 
against one or more of said <x~amylases, and/or iii) is encoded 
by a DMA sequence which hybridizes:, under the low to very high 
stringency conditions (said conditions described below) to the 
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DH^ sequences encoding the above- specified a~amyia.se® which are 
apparent from SSQ IB W)8x 9, 1G, 11, 12, and 32, respectively, 
of the present application {which encodes the amino acid 
sequences shown in SEQ ID MOS; I, 2, 3, 4, and 3 herein, 
s respectively) , from SSQ ID NQi 4 of WO S5./2S397 (which DNA 
sequence, together with the stop codon TA&, is shown in SEQ ID 
m.t 13 herein and encodes she amino acid sequence shown in SSQ 
ID NO: S herein) and from SEQ ID NO: ,S of WQ 95/26337 (shown in 
SEQ ID NO: 14 herein) , respectively, 

3,0 m connection with property i) , the "homology" (identity) 
may he determined hy use of any conventional algorithm, 
preferably by use of the gap prpganpe' from the GCG package 
version 8 (August 1994} using default values for gap penalties,: 
I.e v , a gap creation penalty of 3.0 end gap extension; penalty of 

is .0,1 (Genetic Computer Group {1992} programme Manual for the GCG 
Package, version 8, S?5 Science Drive, Madison, Wisconsin, USA 
53711) . 

the parent Termamyl-like a- amylase backbone may in an 
embodiment have an amino acid sequence which has a degree of 

»e identity to SSQ ID MO ; 4 of at least €5%, preferably at least 
70%, preferably at least 7S%, more preferably at least 80%, mere 
preferably at least 85%, even more preferably at least about 
90%, even more preferably at least 95%, even «x>re preferably at 
least 97%, and even more preferably at least 95% identity 

:n> determined as described above 

A structural alignment between Termamyi* {ESQ ID NO; 4) and 
a Termamyl^-iike a~amylase may be used to identify 
equivalent/corresponding positions in other Tetmarnyl -like eo 
amylases, One method of obtaining said structural alignment is 

3<? to use the Pile Up programme from the GCG package using default 
values of gap penelfies, i.e., a gap creation penalty of 3.0 and 
gap extension penalty of 0 > 1 , Other structural alignment methods 
include the hydrophobic cluster analysis (Gaboriaud et al . , 
(1987) , FEBS LETTERS 224, pp. 149- 157c and reverse threading 

as (Hubert T ? Torda, AE, PROTtfU SGXSSCH Vol- 7, Mo, 1 pp. 142- 
14 3 (1998) . 
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For example , the corresponding positions, of target residues 
found in the C-doxmin of trie B, Hct^Uomiie a-amylase, in the 
amino acid sequences of a number of Termamyl--like « -amylases 
which hays already been mentioned are as follows; 



Termamy 1-1 ike a~a.Tfiyla.se 



10 S. lich, i$£Q IB NQc 4} 
B, aroylo. ;SKQ ID &0; 5} 
b. s tea TO. (SSQ ID NO -. 3} 
.Sac. WO 95/26337 (SBQ 2D NO: 2) 
Bac.m 95/26397 (SSQ ID NO; 1) 



S3 56 T3S8 S3 7 6 S417 A43C! 

S3 56 Y3S8 E37S S417 A430 

Y36X •• - 

T3MS3 S419 

~-~w Y3S3 ----- 
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As will foe described further below mutations of these 
conserved amino acid residues are very important in relation to 
increasing the stability at acidic pH and/or at low calcium 

20 concentration, at high temperatures. 

Property ii) (see above) of the & -amylase, i.e., the 
immunological cross reactivity, may be assayed using an antibody 
raised against, or reactive with, at least one epitope of the 
relevant Teraiatayl-like a~amyiase. The antibody, which may either 

23. be monoclonal or polyclonal, may he produced by methods known in 
the art, e.g., as described by Hudson et al - f Practical 
Immunology, Third edition (1983), Blaekweli Scientific: 
Publications . The itsmimological cross-reactivity may be determi- 
ned using assays known in the srt, : examples of which are Western 

30 Blotting or radial immunodiffusion assay, e.g., as described by 
Hudson et ai . , .1989. In this respect, immunological cross - 
reactivity between the a-amyiases having the amino acid 
sequences SHO ID NOS.t 1, 2, 3, 4, S f 6, 7, or a respectively, 
have been found. 

os The oligonucleotide probe used in the characterization of 
the Termamyl-like a- amylase in accordance with property ill) 
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above may suitably be prepared on the basis of the full or 
partial nucleotide or amino acid sequence of the a- amylase in 
question. 

Suitable conditions for testing hybridisation involve 
5 presoaking in SxSSC and prehyfaridizing for 1 hour at -40 °C in a 
solution of 20% formamide f SxDehbardt * s solution, 50m sodium 
phosphate, pH 6,8, and SOmg of denatured sonicated calf thymus 
DM ( followed by hybridization in the same solution supplemented 
with mm ATP for 18 hours at ~40«€t followed by three times 

jo wasting of the filter in SxSSC, 0.2% SDS at 4Q°C for 30 minutes 
(low stringency} , preferred at 50°e (medium stringency) f more 
preferably at 65*C (high stringency) , even more preferably at 
-7 5 : h: (very high stringency) , More details about the 
hybridization method can be found in Satrsforook et a!,., .gSol^li^ 

is Cloning; A Laborab<5r y...Maniial / 2nd Ed, , Cold Spring Harbor, 1989, 
in the present context, "derived from" is intended not only 
to indicate an a-atsyiaesi proddced or producible by a strain of 
the organism in question, hut also an c- amylase encoded by a pft 
sequence isolated from such strain and produced in a host or- 

s g ganism transformed with . said DMA sequence. Finally, the term is 
intended to indicate an a~amylsse which is encoded by a: DHa 
sequence of synthetic and/or eDKA. origin and which has the 
identifying characteristics of the ee -amylase in question. The 
term is also intended to indicate that the parent a -amylase may 

2S be a variant of a naturally occurring a -amylase, i.e., a variant 
which is the result of a salification (insertion, substitution, 
deletion) of one or more amino acid residues of the naturally 
occurring v- amylase. 

3S Pe ren::, .nyhr v. d j^jts^lasgs 

The parent avasiyiase (backbone} may be a hybrid a -amylase, 
i.e., an a -amylase which oomprisos a combi nation of partial 
amino acid sequences derived from at least two a -amylases. 

The: parent hybrid a-amylase may be one which on the basis of 
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amino acid Homology and/or iiwrnmologlcaX cross- reactivity and/or 
DNA hybridisation (as defined above) can be determined to belong 
to the Tarma.nwl-l.ike a-atny&aste family. In this case, the hybrid 
a-amylase is typically composed ox at lease one part of a 

.5 Termamyi-like <x~ amylase and partCs) of one or more other a- 
amylases selected from Termamyl -like d- amylases or non-Termamyl- 
like «- amylases- of microbial {bacoeriai or fungal) and/or 
mammalian origin, 

Thus, the parent hybrid o>a;rcyiase may comprise a combination 

id of partial amino acid sequences deriving from at least two 
Termamyl -lite a.-amylases, or from at least one Termamyl •like and 
at lease one non -Termamyl --like bacterial a-amylase, or from at 
least one Termamyl -like and at least one fungal a~amylase. The 
Ternsamyl--like a~amylase from which a partial amino acid sequence:: 

is derives may, e.g., be any of those specific Termamyl -like cta- 
mylase referred to herein. 

Eor instance, the parent a -amylase, may comprise a G -terminal 
part: of an <x-amylase derived from a strain of B\ Izohenxformis, 
and a M~ terminal part of an a-amyl.&ee derived from a strain of 

.20 B, mnylolimiefaciens or from a strain of S. atearOther/nophiiua, 
For instance, the parent a~amyla.se may comprise at least 43« 
amino acid residues of the C- terminal part of the B. 
lich&niformis U -amylase. A such hybrid Termamyl -like a-amylase 
may be identical to the Bacillus lichenifozmzs a -amylase shown 

25 in SEQ ID HQ; 4, except that the N~ terminal 35 amino acid 
residues (of the mature protein) Is replaced with the F- terminal 
33 amino acid residues of: the mature protein of the Barillas 
amyioliguef aniens a-awiase (BAH) shown in SEQ ID MO: S. A such 
hybrid may also consist of an amino acid segment corresponding 

30 to the 68 N- terminal amino acid residues of the .8 , stezrothar- 
mophilus a -amylase having the amino acid sequence shown in SEQ 
IP HO; 3 and an amino acid segment corresponding to the 415 C- 
terminai amino acid residues of the £♦ 1 xcheM foiirds a -amylase 
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having the amino acid sequence shown in SSQ ID SO: 4> 

The nor^Temamyl-like a-arm/iase may, e.g.- , be a fungal a- 
amy! ass,, a mammalian or a plant a-amyiase or a bacterial «t- 
amyla.se (different from a Tsrmamyl-iiks a "amylase} . Specific 
examples of such a-amylases include the Aspergillus- orvzae TAKA 
a-araylasse, the A. nxg& acid a-amylase, the Bacillus subtilis 
a-amylase, the pcrcine pancreatic a -amylase and a barley ct- 
amylase, All of these a-amylases have elucidated structures 
which are markedly different from the structure of a typical 
?ermamyl--iike a- amylase as referred to herein. 

The fungal u~ amylases mentioned above, i.e. derived from A. 
niger and &-. oryzae, are highly homologous on the amino acid 
level and generally considered to. belong to the same family of 
a~amylases. The fungal a-amyiase derived from Aspergillus 
pzf'zm is qGramercially available nnder the tradename Fungamyl™. 

Furthermore, when a particular variant of a Termamyl-aiks «- 
amylase (variant of the invention) is referred to - in a 
conventional manner - by reference to modification. 
deletion or substitution} of specific amino acid residues in the 
amino acid sequence of a specific Tarmamyl I ike a--amylase t it is 
to foe understood that variants of another Tertnamyl-Iike a- 
amylase modified in the equivalent position (s) (as determined 
from the best possible amino acid sequence alignment between the 
respective amino acid sequences} are encompassed thereby. 

A preferred embodiment of a variant of the invention is one 
derived from a B. lichsniiormis a~amylase (as parent Tsrma.myl- 
like a -amylase) , e.g., one of those referred to above, such as 
the B, lioheniformis cs -amylase having the amino acid sequence 
shown in SSQ ID NO: 4 . 

Altered propeptides of variants of the Jbmatioa 

The following discusses the relationship between 
aiterationa/mutaticns which may be present in variants of the 
invention, and desirable alterations in properties (relative to 
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those a parent, £e-Mi^l-like' a-amyiasel which may result 
therefrom. 

Incre^ai. .§£.#&41ifeY J& SSiMs i^.Mffi to. 

The present iave^t-ioxt relates to a variant of a parent 
Terraarayl « like -a -amylase, which srariaait a~aroylase has been 
altered in comparison to the parent a-amylase in one or more, 
solvent exposed amino acid residues on' the surface of the a- 
xq amylase to increase the overall hy4^ophifeic.ity of the a-aisyl&se;. 
and/or to increase the overall numbers of methyl groups in the 
sidschains of said solvent ejcposed amino acid residues on the 
surface » 

In a preferred embodiment one or more solvent exposed amino 
is acid residues on a concav .surface with inwards bend are altered 

to snore hydrophobic amino acid residues. 

In another preferred embodiment one or more solvent: exposed 

amino acid residues on a convex surface are altered to increase 

the number of methyl groups in the sideehain* 
so The present invention relates to an a- amylase variant of a 

parent Termamyi -like a -amylase, comprising an alteration at one 

or more positions selected from the group of; 

B37S, S4X7, A42G, S356, Y358? 

wherein (a) the alterations) are independently 
2S (i) an insertion of an amino, acid downstream of the amino 

acid which occupies the position, 

(ii) a deletion of the amino acid which occupies the 
position, or 

(iii) a substitution of the amino acid which occupies the 
30 position with a different amino acid, 

lb! the variant has ^-amylaae activity and (c) each position 
corresponds, to a position of the amino acid sequence of the 
parent Termamyl-iika d-amylase having the amino acid sequence of 
SSQ ID NO: 4 , 

ss In an embodiment the alteration is one of the following 
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substitutions ; 

E376A,R,D,C,Q,C3,H, I , L/M, F f F f S f T^ W, Y, V . 

In a preferred embodiment the substitution xs-s E376K, 

In $exx embodiment the alteration is one of the following 
S substitutions; S417A, E, D> C, B, Q,G,>H> I, K. f L,M, N, P, P , T, W, Y , V; 
In a preferred embodiment the substitution is S417T* 

In an embodiment the alteration is one of the following 
substitutions A420R,D,C,B,Q,G,H,I,K,L,M,N,F,P,S,T,W, Y, Vf 
In a preferred embodiment the substitution is; A420Q,FL 

19 In an embodiment the alteration is one of the following 
substitutions : S3 SSA, R , D , C , E , Q f G, H , I , K. t h , M , K T , F , P , T , W , Y , V . 

In an embodiment the alteration is one of the following 
substitutions Y358A. R f D, C, B. Q,G,8, X , &, L,M t ® , P, P,B f T/W, V. 
In a preferred embodiment the suhsti tut ion is Y3S8F. 
as 2n an embodiment of the invention a variant comprises one or 
mors of the following substitutions; E376K, S417T, A420Q.R, 
S3SSA, ?338F. 

Tim increase in stability &t acidic pH ahd/or low calcium 
concentration at high tefiaperatures may be determined using the 

20 method described below in Exan^ie 2 illustrating the invention. 

The parent Termamyl-like a -amylase used as the backbone for 
preparing variants of the invention may be any Termamyl- like a- 
amylases as defined above. 

Specifically contemplated are parent Termamyl-like a~ 

ss amylases selected from the group derived from S. 2i.cheaifo.rmi0, 
such as B, licheniiormis strain ATCC 27811 f S. axayloli- 
quefaciens, B. BtBaroth&rmopMlus, Bacillus sp, HCXB 12289, NCI 8 
12 5 2.1 , mm 12513 or DSM ©375, and the parent Termamyi-like a 
amylases depicted in SEQ ID 1, 2, 3, 4, 5., S. r 7 and S. 

In an embodiment of the invention, the parent Termamyl-like 
a-amyiass is a hybrid. a~amylase being: identical to the Bacillus 
licheniformis a-atnylase shown in SSQ ID NO: 4 (Termamyi) , except 
that the N- terminal 35: amino acid residues (of the mature 
protein) Is replaced: with the: ^-terminal 33 amino acid residues 

35 of the mature protein of the Bucillus amyloliqusfaciens ot- 
amylase (BAM} shown in SEQ ID ®Qt The parent Teroawl -like 
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hybrid ^-amylase may be the abow mentioned hybrid Termamyl-iike 
a-^tylass which farther has the following imitations : 
HlS6Y-i-lBlT+190F+20W4-2g4S (using the ntim&erihg in SEQ ID HO; 4} ♦ 
Said backbone is referred to below as *LEX74" , 
5 The parent tt- amylase may advantageously further have a 

mutation in one or more of the following positions: K17&, 1201 
and H205 (using the numbering in SEQ ID Hp: 4) t especially one 
or .more the following substitutions : R17SR, I201F, and H205H 
(using the numbering in SEQ ID NO: 4;),, such as specifically the 

is following substitutions; K176R+I20IF-i-K20SH (using the numbering 
in SEQ ID UQi 4} , 

The inventors have found that the above mentioned variants 
have increased stability at pRfs t&lov 7.0 :i.e. , acidic pH) 
and/or at calcium concentration .below ImM (40pptTi) (i.e, low 

is: calcium concentrations} at temperatures in the range from S3 to 
XSOhd (i.e., high fces^eratnreS); relative to the parent 
■rsrmamyi-Iike «~amylasa . 

Alterations (e.g., by substitution} of one or more solvent 
exposed amino acid residues which I) increase the overall 

so hydrophobicity of the enryms, or 2) increase the number of 
methyl groups in the sidechains of the solvent exposed amino 
acid residues improve the temperature stability, it is preferred 
to alter (e.g., by substitution) to more hydrophobic residues on 
a concav surface with inwards bend. On a convex surface 

2.5 alterations (e.g., by substitution} to amino acid residues With, 
an increased number of methyl groups in the sideohain are 
preferred. 

Using the program CAST found on the internet at 
hi tp:/ /sunrise. obs,um!i,edu/csst/ version 1,0 (release Feb. 

m 1938} , (reference.; die Li ano , Herbert Edelsbrunner , and Clare 
Woodward, I39S, Anatomy of protein Pockets and Cavities:. 
Measurements of binding site geometry and imp licet ions for 
ligand design. Protein Science, 7, pp. 1884-1897; f a concave 
area which access to the surface can be identified.. Access to 

is the surface is in the program defined; as a probe with a diameter 
of 1,4A can pass in and out, biding default parameters in the 



WO 08/29560 



FCT.'l>?<9S/0»&28 



16 

CAST program cancave cavities can fee. found using the Calcium 
depleted alpha --amylase structure from B. lich&ni formic as found 
in the Brookhaven database (IBPL) :■ 

Three types of interaction cars be rationalised j 
& A, Interaction between the sidechain of the residue and the 
protein... 

S. Interaction between the sidechain of the residue and the 
surrounding water, 

C, Interaction between the water and the protein. 
10 Using the parent Termamyl-Iike a-atm/lase shown in SSQ ID NO; 

4 as the backbone the following positions are considered to foe 
solvent exposed and may suitably be altered? 
8376, S417, MSG, S35€, Y358. 

Correspondixig and other advent exposed positions on the 

is surface of other Textaamyl-like o>amyiaee may be identified using 
the dssp program by ®. Kabstoh and c. Sander , Biopoly^ers 22 
{1983} pp> 2577-2637, The convex surfaces can foe identified 
using the the AACAVI program part from the m&TlW package {G, 
Wiehd, 'What if and drug design program, J. Mol » Graph, B, pp> 

so S2-56 . ji'S'90) version 1^580317) «■ 

In an embodiment of the invention a variant comprises: one pr 
more of the following substitutions: E376K, 341711 A42.0Q,R, 
S3S6A, Y3SSF, 

The inventors have round that the stability at acidic pH 
as and/or low eaicium concentration at high temperatures may be 

increased even snore by combining mutations in the above 

mentioned positions. I.e., 1375. MX?, A42Q, S356, 1358, (using 

the SEQ ID HiO: 4 nurtlsering} with mutations in one or more of 

positions K1.76, 1201* and H205, 
30 The following additional -substitutions are preferred; 

Kll6h ( Jt, D, C, S, Q, Q, H, X , L,M r H, F, P,S, T,W,Y, V; 

12 0 1A ( R , D , C , S , Q , Q r H , L , K , H , K, F, P, S>T, W, Y , V; 

H2QSA,R,D,C,13,Q,<2,I,L,K,M,N, F ( F, S,T, W, Y, V? 

Ab also shown in : toraple 2 illustrating the invention 
<s combining the following mutations give increased stability:: 

Xl?StI201 F*H2 Q5H+E37'€K*A4 2 OR or 
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KI764l201F+H20SM-fS4l?T-fa420Q or 

K176^I201F+H20B^4S356A^Y3S8F ssirjg the hybrid a -amylase referred 
to as LEI74 as the parent Termarsp- like. «-a*ayIase. 

5 aaaaral citations in vafja^LskUMMaaa.- 

It may be preferred that a varlas£ of the invention 
comprises one or more modifications in addition to those 
outlined above. Thus, it may be advantageous that one or more 
proline residues present in the part of the a -amylase variant 
which is modified is/are replaced with a non-proiine residue 
which may be any of the possible, naturally occurring .non- 
proline residues, and which preferably is an alanine, glycine, 
serine, threonine , valine or leucine. 

Analogously; it may he preferred that one or more cysteine 
is residues present among the amino acid residues with which the 
parent a~amylase is modified is/are replaced with a non-cysteine 
residue such as serine, alanine, threonine, glycine, valine or 

Furthermore , a variant of the invention may - either as. the 
m only modification or in combination with any of the above 

ions ~ be ■modified so that one or more Asp 
and/or Qlu present in ah amino acid fragment corresponding to 
the amino acid fragment 185-20$ of SEC? ID NO: 4 is replaced by 
an Asn and/or Gin, respectively , Also of interest is the 
as replacement, in the germamyi- like «~ amylase, of one or more of 
the hys residues present in an amino acid fragment corresponding 
to the amino acid fragment 185 -209 of SEQ ID MO; 4 by an Arg. 

It will foe understood that the present invention encompasses 
variants incorporating two or more, of the above outlined 
so modifications. 

Furthermore, it may be advantageous to introduce point- 
mutations in any of the variants described herein . 



wo wmsm 



18 

The Dim sequence encoding a parent a -amylase tnay be isolated 
from any cell or microorganism producing Kite a -amylase in 
question, using various aetboas well known in the art. First, a 
s genomic DMA and/or cWk. library should be constructed using 
chromosomal DMA or messenger ESA fro® the organism that produces 
the u -amylase to be studied. Then, if the amino acid sequence of 
the a-amylase is known, homologous, labelled oligonucleotide 
probes may be synthesized and used to identify a- amylase - 

to encoding clones from a genotrdc library prepared from the 
organism In question. Alternatively, a labelled oligonucleotide 
probe containing sequences hosrsplogpus to a known a-amylase gene 
could be used as a probe: to identify u~ amylase- encoding clones, 
using hybridisation and washing conditions of lower stringency, 

is Yet another method for identifying a-amyiase-encodihg clone© 
would involve inserting fragments of genomic Dm, Into an ex- 
pression vector > such as a plasmid, transforming a-awtylass- 
hegatiye bacteria with the resulting genomic mth library, and 
then plating the traasfomed bacteria onto agar containing a 

.2<j substrate for a-aisyiase, thereby allowing ciones expressing the 
a-smyiase to be identified. 

Alternatively, the DNA sequence encoding the enzyme may be 
prepared synthetically by established standard methods, e.g. the 
phosphoroamidite method described by S,L. Beauoage and M.H. 

35 Caruthera (3331) or the method described by Matches et al . 
(1984) . In the phosphoroamidite method, oligonucleotides are 
synthesized, e.g., in an automatic IMA synthesiser, purified, 
annealed, ligated and cloned in appropriate vectors. 

Finally, the p3& sequence ^ay be of mired genomic and syn- 

30 thetic origin, mired synthetic and cPNA origin or mixed genomic 
and cDBA origin, prepared fay ligating fragments of synthetic, 
genomic or cDNA Origin (as appropriate, the fragments 
corresponding to various parts of the entire tMk sequence) , in 
accordance with standard techniques. The DMA sequence may also 

3S be prepared by polymerase chain reaction (PGR} using specific 
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primers, f or instance as described in VS 4 , 683 ,- 202 or &1&U Saifci 
at al. {1988} - 

£it® -directed, w&m%m®M 
s Once an a--amylase- encoding IMA Sequence has been isolated, 
and desirable sites for imitation identified, mutations may be 
introduced using synthetic oligonucleotides . These oligonucleot- 
ides contain nucleotide sequences', flanking the desired mutation 
sites; mutant nucleosides are inserted during oligonucleotide 

is synthesis. In a specific method, a single-stranded gap of DH&, 
bridging the a -a?Tsylase« encoding sequence., is created in a vector 
carrying the a-amylass gene. Then the synthetic nucleotide, 
bearing the desired notation, is annealed to a homologous 
portion of the single- stranded »&. The remaining gap is then 

3 5 filled in with Dm polymerase 2 (Kianou fragment) and the 
construct is M gated using £4 ligase. A specific example of this 
: meth©d is described in Morinaga et ai. {1984) . US 4/760,025 
discloses the introduction, of oligonucleotides encoding multiple 
mutations by performing minor alterations of the cassette. How- 

so ever, an even greater variety of mutations can be introduced at 
any one time by the Morinaga method, because a multitude of 
oligonucleotides, of various lengths, can. be introduced, 

feother method for introducing mutations into a -amylase - 
encoding Dffi sequences is described in Kelson and Long ;;L0S3) , 

2s It involves the 3~step generation of a PCR fragment containing 
the desired mutation introduced by using a chemically syn- 
thesized DHA strand as one of the primers in the PCE reactions. 
From the PCR-generated fragment, a DMA fragment carrying the 
mutation may be isolated by cleavage with restriction 

so endonuoleases and reinserted into an expression plasmid. 



Random mutagenesis' is suitably performed either as localised 
or region- specific random mutagenesis in at least three parts of 
the gene translating to the amino acid sequence shown in 
5 question, or within the whole gene. 

The random mutagenesis of a » sequence encoding a parent 
a -amylase may be conveniently performed by use of any method 
known in the art. 

In relation to the atore : , a further aspect, of the present 
is invention relates to a method for generating a variant of a 
parent a-amyiase, e.g., wherein the variant exhibits altered or 
increased thermal stability relative to the parent, the method 
comprising ; 

(a) subjecting a DMA sequence encoding the parent a- 
%$■ amylase to random mutagenesis, 

(b) expressing the mutated WA sequence obtained in step 
Ca| in a host cell, and 

Co) screening for host cells expressing: an a -amylase 
variant which has an altered property {i.e. thermal stability) 
20 relative to the parent a -amylase. 

Step (a) of the above method of the invention is preferably 
performed using doped primers, 

Per instance, the random mutagenesis may he performed by use 
of a suitable physical or chemical mutagen! zing agent, by use of 
as a suitable oligonucleotide, or by subjecting the DMA sequence to 
PCE generated Mutagenesis, Furthermore, the random mutagenesis 
may be performed by use of any combination of these -mutagen! zing 
agents. The mutagen! sing agent may, e.g., be one which induces 
transitions, transversions, inversions, scrambling, deletions, 
30 and/or insertions. 
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Examples of a physical or chemical mutageniring agent 
suitable for the present purpose include ultraviolet CUV) ir- 
radiation, hydrox^iamine ,. H-methyi~M f -.»itr©~H~nifcrosoguanidine 
{MN&G} , 0- methyl hydraxyiamine , nitrous acid, ethyl methane 
s sulphonate (SMS) , sodium bisulphite, formic acid,, and nucleotide 
analogues. When such agents are used , the mutagenesis is 
typically performed by incubating the ]» sequence encoding the 
parent enzyme to be mutagenised in the presence of the 
TRUtagen.is.ing agent of choice under suitable conditions for the 

10 mutagenesis to take place, and selecting for mutated DMA having 
the desired properties. 

When the mutagenesis is performed hy the use of an 
oligonucleotide, the oligonucleotide may he doped or spiked with 
the three non-parent nucleotides during the synthesis of the 

is oligonucleotide at the positions which are to be changed. The 
doping or spiking may be done so that eodons for unwanted amino 
acids are avoided. The doped or spiked oligonucleotide can. be 
incorporated into the DBA encoding the alpha -awl ass enzyme by 
any published technique,: using; e.g. PCR, LCE or any DjSA. 

20 poiyjueraae and ligase as deemed appropriate. 

Preferably, the doping is carried out using "constant random 
doping", in which the percentage of wild-typo and mutation in 
each position is predefined- Furthermore, the doping may be 
directed toward a preference for the introduction of certain 

ss nucleotides, and thereby a preference for the introduction of 
one or more specific amino acid residues. The doping may be 
made, e.g., so as to allow for the introduction of 90% wild type 
and 10% mutations in each position. An additional consideration 
in the choice of a doping scheme is based on genetic as well as 

so protein --structural constraints. The doping scheme may be made 
by using the DOPE program vanish, inter alia, ensures that 
introduction of stop codons is avoided, 

When PCR -generated mutagenesis is usee, either a chemically 
treated or non-treated gene encoding a parent a -amylase is 

35 subjected to PCR under conditions that increase the mis- 
incorporation of nucleotides (Seshler 1992} Leung est ah, 
Technique, Vol.1, 1989, pp. 11-15} . 
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A mutator strain of St coll (Fowler et al. ( Moiec. Gen. 
Genet,, 133, 1974, pp. 179- 191 i , ceretdaeae or any other 

microbial organism fey be used for the random mutagenesis of the 
XMA encoding the a-amylase toy, e.g., transforming a plastnd 
containing the parent glycosylasa into the mutator strain, 
growing the mutator strain with the plasr&id and isolating the 
mutated plasmid from the mutator strain. The mutated piasmid 
may foe subsequently transformed into the expression organism. 

The m& sequence to be nwfcagenized may be conveniently 
present in a genomic or cDHA library prepared from an organism 
expressing the parent alpha -amylase , Alternatively, the DMA 
sequence may be present on a suitable vector such as a plasmid 
or a bacteriophage, which, as such may be incubated with or 
other-wise exposed to the mutagsnising agent. The to be 

mutagepized may also be present in. a host cell either by being 
integrated in the genome of said cell or by being present on a 
vector harboured in the cell. Finally, the BhA to : foe mutagenised 
way be in. isolated form. It will be understood that the vm. 
sequence to be subjected to random mat agenesis is preferably a 
cDHA or a genomic IMA sequence . 

in some cases it may foe convenient to amplify the mutated 
DN& sequence prior to performing the expression step b5 or the 
screening step c} . Such ampiif xcaticn may be performed in 
accordance with methods knows in the art, the presently 
preferred method being PCR-generated amplification using 
oligonucleotide primers prepared on the basis ox the DKA or 
amino acid sequence of the parent ensyme. 
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Subsequent to the incybatioii with or exposure to the 
mutageni'-sing agent , the mutated X8$k. is expressed by eulturing a 
suitable host cell carrying the tm& sequence under conditions 
allowing expression to. take place. The host ceil used for this 
s purpose may be one which has been, transformed with the mutated 
DWh sequence, optionally present on a vector, or one which was 
carried the Dm sequence encoding the parent enzyme- daring the 
mutagenesis treatment. Examples of suitable host cells are the 
following; gram positive bacteria such as Bacillus subtiiis, 

U Bacillus lichen! formic. Bacillus Isnrus, Bacillus hteyis, 
Bacillus stearothermophiluB, Bacillus alkalophilus, Bacillus 
amyloid que faci^ns, Bacillus co&gulmis. Bacillus circulans. 
Bacillus iMuim, Bacillus tmgxt&rium, Bacillus churingiecsis, 
Streptcmycees lividans or Streptowyces mnwmr and gram- negative 

is: bacteria such as S* coli. 

The mutated DNA sequence may further comprise a PSa. sequence 
encoding, functions permitting expression of the mutated. DMA 
sequence . 

The random mutagenesis may be advantageously localised to a 
part of the parent a-amylase in question. This may, e.g., he 
advantageous when certain regions of the enryme have been 
identified to bs of particular importance for a given property 

22 of the enayme, and when modified are expected to result in a 
variant having improved properties. Such regions may normally he 
identified when the tertiary structure of the parent enzyme has 
been elucidated and related to the function of the enzyme . 

The localized, or region-specific, random mutagenesis is 

30 conveniently performed by use of PGR generated mutagenesis 
techniques as described above or any other suitable technique 
known in the art. Alternatively,, the PM& sequence encoding the 
part of the DHA sequence to be modified may be isolated, e.g. , 
by insertion into a suitable vector, and said part may be 

35 subsequently subjected to mutagenesis by use of any of the 
mutagenesis methods discussed above. 
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Alternative math<^tJ5£~^^ 

Alternative methods for providing variants of the invention 
Include gene shuffling method known in the art including the 
methods, e.g. , described in: m 95/22625 (from Affymax 
s Technologies N.V.I and WO 96/00343 (iron; Novo Mordi.sk h/S) . 

'B2&23&S2&XLJ2&-$bi amylase variants of the invention 

According to the invention , a DBA sequence encoding the 
variant produced by methods described above, or by any alterna- 

ao tive methods known in the arc, can be expressed, in enzyme form, 
using an expression vector which typically includes control, 
sequences encoding a promoter, operator, ribosome binding site, 
translation initiation signal, and, optionally, a repressor gene 
or various activator genes, 

13 The recombinant expression vector carrying the sequence 
encoding an a-amyiase variant of the invention may be any vector 
which may conveniently be subjected bo recombinant m$& 
procedures,: and the choice of vector will often depend on the 
host cell into which it is to be introduced, Thus,, the vector 

as may be an autonomously replicabing vector, i.e., a vector which 
exists as an extrachbomd^dmal entity ,. the replication of which 
is independent of chromosomal replication, e.g., a piasmid, a 
bacteriophage or an extraohromosomal element , minichromosoKtS or 
an artificial chromosome. Alternatively, the vector may be one 

35 which, when introduced into a host cell, is integrated into the 
host call genome and replicated together with the chromosome {a} 
into which it has been integrated. 

In the vector, the DMA sequence should be operably connected 
to a suitable promoter sequence. The promoter may be any Db'A 

o<5 sequence which shows transcriptional activity in the host cell 
of choice and may he derived from, genes encoding proteins either 
homologous or heterologous to the host ceil. Examples of. 
suitable promoters for directing the transcription of the DNA 
sequence encoding an a -amylase variant of the invention, 

ss especially in a bacterial host, are the promoter of the lac 
operon of E.&oli, the Streptomyoes coelieolor agarase gene dagh 
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promoters, the promoters of the Bacillus licheniformis a -amylase 
gene {wnyL) , the promoters ot the Bacillus & fcearo thermoph.i.2 us 
maltogenie amylase gene leasym 4 the promoters of the B&ciUus 
axnyloliquefaci&ns a~amylase iamyQ) ( the promoters of the Ba~ 
•i cillus subtil is xyln and xylB genes etc. For transcription in a 
far-pal host, examples of useful promoters are those derived from 
the gene encoding orym® TMA amylase, Rhizomuccr miehei 

aspartie proteinase, A. niger neutral q-amylase, A. niger acid 
stable u-amylase, A> niqer glacoamylass , Rhizoxmicor mieh&i 

16 lipase. A, oryzae alkaline protease, A> orysae trices phosphate 
isomerase or A. nidulanB aeetamidase. 

the expression vector of the invention may also comprise a 
suitable transcription terminator and, in eukaryotes, poly- 
adenylac.ion sequences operably connected to the DMA sequence 

is encoding the a -amylase variant of the invention. Termination and 
poiyadenylation sequences say suitably be derived from the same 
sources as the promoter, 

the vector may further comprise a IMh sequence enabling the 
vector to replicate in the host cell in question, Examples of 

so such sequenec« are the origins of replication of plasralds pllSlSg 
pACYC177 ( pUBHO, OH194, pAKBl and pI,J702. 

The vector may also comprise a selectable marker, e.g. a 
gene the product of which complements a defect in the heat ceil, 
such as the dal genes from B. su&tilis or £L lichaziiSozmis, or 

25 one which confers antibiotic resistance such as ampicillin , 
kanamyein, chloramphenicol or tetracyclic resistance. Fur- 
thermore, the vector may comprise Aspergillus selection markers 
such as amdS, argB, nieD and sC, a marker giving rise to 
hygromycin resistance , or the selection may be accomplished by 

30 co~ trans format ion, e.g. as described in WO 91/17243. 

While intracellular expression nisy be advantageous in some 
respects, e.g. when using certain bacteria as host cells, it is 
generally preferred that the expression is extracellular-, In 
general, the Bacillus n^ssivylases mentioned herein comprise a 

35 preregicn permitting secretion of the expressed protease into 
the culture medium. If desirable, this preregicn may be replaced 



by a different preregion or signal sequence, conveniently accom- 
plished by substitution of the mh : sequences encoding the 
respective preregions , 

The procedures used to ligate the DMA construct of ode 

s invention encoding an f#~ amylase; variant, the promoter, 
terminator and other elements, respectively and to insert them 
into suitable vectors containing the information necessary for 
replication, are well known to persons skilled in. the art (cf.. 
for instance, Sambrook et al, f: ifefossa^iWr <^ffii«g.l-A ^sprafc.o.jry 

i* Manual , 2nd Sc. , Cold Spring Harbor, 1989) . 

The ceil of the invention, either comprising a DMA construct 
or an expression vector of the invention as defined above,, is 
advantageously used as a host eel], in the recombinant production 
of an a- amylase variant of the indention. The cell may be 

is transformed with the DMA construct of the invention encoding the 
variant, conveniently by integrating the DMA construct {in one 
or mote copies) in the host, chromosome. This integration is 
generaliy considered to be an advantage as the DMA sequence is 
more likely to be stably maintained in the cell . Integration of 

so the DH& constructs into the host chromosome may be performed, 
according to conventional methods, e.g. by homologous on 
heterologous recombination. Alternatively, the cell may be 
transformed with an expression vector as described above in 
connection with the different types of host cells. 

2s The ceil of the invention may be a cell of a higher organism 
such as a mammal or an insect, but is preferably a microbial 
cell, e.g., a bacterial or a fungal (including yeast) ceil. 

Examples of suitable bacteria are grampositive bacteria such 
as Bacillus suhtilis, Bacillus lichani ferric, Bacillus leotos, 

3-o Bacillus brevis, Bacillus stearathermophilus, Bacillus alkalo- 
philus. Bacillus mylGiiquaiacxms, Bacillus coaguians,. Bacillus 
circulans. Bacillus lmtu& ( Esoiilus megaterium. Bacillus 
thurlngiensis, or Stz&ptmiy®®® li vidans or dtreptomyees murium, 
or gramnegative bacteria such as B. coll. The trans format ion of 

35 the bacteria may, for instance, be effected by protoplast trans- 
formation or by using competent sells in a manner known per se. 
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The yeast organism may favourably be selected from a species 
of Saechartistyces! or Bvhizosaczh&rcmyms , e.g. Saccfr&romyce® 
cerevisiae . The filamentous fungns may advantageously belong to 
a species of Aspergillus, e-g» ■Jk&pprgdllus oryaae or Aspergillus 
s niger.. Fungal cells may be traneformed by a process involving 
protoplast formation a»d. . transforation of the protoplasts fol- 
lowed by regeneration of the ceil wall in a wanner known per sen 
A suitable procedure for transformation of Aspergillus host 
cells is described in BP 238 023. 

ie in a yet further aspect, the. present invention relates to a 
method of producing an a-amylase variant of the invention, which 
method comprises cultivating a host cell as described above 
under conditions conducive to the production of the variant and 
recovering the variant from the ceils and/or culture medium. 

is The medium used to cultivate the cells may be any conven- 
tional medium suitable for growing the host cell in question and 
obtaining expression of the a- amylase variant of the invention. 
Suitable media are available from commercial s^pliers or may he 
prepared according to published recipes {e.g., as described in 

so catalogues of the American Type Culture Collection} . 

The g-amyiase variant .secreted from the host cells may con- 
veniently be recovered from the culture medium by well-known 
procedures, including separating the cells from the medium by 
cenirifugation or filtration, and precipitating proteinaceous 

35 components of the 'medium by maaus of a salt such as ammonium 
sulphate, followed by the use of chromatographic procedures such 
as ion exchange chromatography, affinity chromatography, or the 
like. 

|n4u^;t,yia,l,,,ApplicatiAXli 

The a-amylase variants of this invention possesses valuable 
properties allowing for a variety of industrial applications. An 
snsyme variant of the invention are appii cable as a. component in 
washing, dishwashing and hard-surface cleaning .detergent 
3S compositions, humorous variants are particularly useful in the 
production of sweeteners and ethanoi from starch, and/or for 



a a 

textile desizi&g. Conditions; for conventional starch- conversion 
processes, including starch liquefaction and/or saceharif ieacion 
processes, are described in, e.g., OS 3, S12, 550 and in EP patent 
publications Nos . 252,730 and S3, WS. 

.5 

Produru^ 

A "traditional * process for conversion of starch to fructose 
syrups normally consists of three consecutive enzymatic 
processes, vis, a liquefaction process followed by a sacchari- 
ns float ion process and an isomerication process. During the 
liquefaction process, starch is degraded to. dexprins by an a- 
amylase {e.g. Termamyl**} at pH values between 5.5 and 6.2 and at 
temperatures of 9S-160°C for a period of approx. 2 hours. In 
order to ensure an optimal en^yrne &f ability under these condi- 
is; tions, I vM of calcium is added (40 ppm free calcium ipnsj , 

Mter the liquefaction process the dextrine are converted 
into dextrose by addition of a glueoamyiase (e.g. and a 

debrahching enzyme;, such as an isoamylase or a puTlulanase (e.g. 
Promo s;yme' s ) . Before this step the pU is reduced to a value below 
W 4 maintaining the high tesmgarature {above 9S°CJ f and the 
liquefying <r-a%dase activity is denatured. The temperature is 
levered to 60 *C, and glueoamylase and dsbranching enzyme are ad- 
ded. The saccharification process proceeds lor 24-72 hours, 

After the saccharification process the pH is increased to a 
2S value in the range of 6-8, preferably pK "?.S, and the calcium is 
removed by ion exchange. The dextrose syrup is then converted 
into high fructose syrup using, e.g., an immobilized gluco- 
seisomerase (such as Sweetayitte' 55 ) , 

At least 1 enzymatic improvements of this process could be 
3o envisaged.. Reduction of the: calcium dependency of the 
liquefying a-atm/lase. Addition of free calcium is required, to 
ensure adequately high stability of the a- amylase, but free 
calcium, strongly inhibits the activity of the glucossisotmarase 
and needs to be removed, by means of an expensive unit 
35 operation, to an extent which reduces the level of free calcium 
to below 3-5 pom. Cost savings could be obtained if such an 
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operation could be avoided and the liguef action process could foe 
performed without addition of free calcium ions. 

To achieve that, a leas -pal cium- dependent Termamyl-like 
a- amylase' which is stable and highly active at low 
s concentrations of free ealeidm '{< 40 ppm) is required. Such a 
Termatnyi-like a~amylase should have a pH optimum at a pB In the 
range of 4. 5- 6.5, preferably in the range of 4 . 5-5 - 8 . 

mmm&n& compositions 

so As mentioned above, variants of the invention may suitably 
be incorporated in detergent compositions. Reference is made, 
for example, to WO S6/23S74 axid HO 97/P7202 for further details 
concerning relevant ingredients; of detergent eomposit ions (such 
as laundry or dishwashing detergents) , appropriate methods of 

as formulating the variants in such detergent compositions, and for 
examples: of relevant types of detergent compositions. 

I^etergent compositions comprising a variant of the invention, 
may additionally comprise one or more other entymes, such as a 
lipase, cutinasa* protease, cellulase, peroxidase or laceaae> 

20 and/or another a- amylase. 

o. -amylase variants of the invention may be incorporated in 
detergents at conventionally employed concentrations. It is at 
present contemplated that, a variant of the invention may be 
incorporated in an amount corresponding to .0.00001-1 mg 

25 (calculated as pure, active encyme protein) of <x- amylase per 
liter of wash/dishv«fash iiguor using conventional dosing levels 
of detergent , 

MJ^KEIALS AND METHODS 
;;o Enssymass 

IMXJ4 hybrid aipha-amyiase variant x LK174 is a hybrid Termamyl - 
like aipha-amyiase being identical to the Termamyl sequence, 
i,e. , the Bacillus? l.iQ&s&jLfozmis a-amyiase shown in SEQ ID NO: 
4, except that the ^-terminal 35 amino acid residues (of the 
ss mature protein) has been replaced by the N-ternvinai 3:3 residues 
of BM (mature protein),: i.e., the Bacillus aniyloliq;ue£:&clans 
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alpha- amylase showii in SSQ m m,i 5, which further 
havefollowing mutatiohsi HX5eY+Ai8XT4Ml90B4A209V*g264S (using 
the numbering in SSQ ID NO; 4} . 

s. Construe t-iott of pSHKIOX 

This B, col i/ Bacillus shuttle vector can be used to 
introduce mutations without expression of a~amylase in B. coli 
and then be modified in such way that the a- amylase is active 
in Bacillus. The vector was constructed as follows; The tr- 
io amylase gone in the pX vector (pDNiSfB with the following 
alterations within amyr; BAH (1-335, BiMY, M 8 XT, N190F, &2G9V, 
Q284B, the plasmid pDKlS28 is further described in Example 1} 
was inactivated by interruption in the Pari site in the 
5 "coding region of the alpha "amylase gene by a 1,2 kb fragment 
is containing an E, coli origin fragments This fragment was 
amplified from the pUC1.9 (GenSank Accession #;.X02514) using: the 
forward primer 1; S^^gacctgcagtcaggcaacta -3" (SEQ ID NO. ; 28) 
and the reverse primer U S: ^tagagtcgacctgcaggcat-3" C8EQ ID: 
m-i 29) , The PCR amplicon and the pX plasmid containing the a- 
so amylase gene were digested with PstI at 37°C for 2 hours. The 
pX vector fragment and the S, coli origin araplicon were ligated 
at room temperature, for X hour and traiisf ormed in E. coli by 
electrotransfcrmation. The resulting vector is designated 
pSnKXQX* 

2.s This E, call/ Bacillus shuttle vector can be used to 

introduce mutations without expression of a- amylase in E, coli 
and then be modified in such way that the a- amylase is active 
in Bacillus, The vector was constructed as follows; The a~ 
amylase gene in the p3£ vector {pDhIS2S with the following 

33 alterations within amyT; BMU-33) , 

HlSSYehl81T*Sl§0F-(A20sF+02S4S f the plasmid pDK1528 is further 
described in Example IX was inactivated by interruption in the 
PstI site in the Speeding region of the alpha -amylase gene by a 
X<2 Kb fragment containing an E. coli origin fragment.. This 

35 fragment was amplified from the pOTIS fOenBank Accession 
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#c.XG2SI4} using the forward primer 2: S " -gacc t gcagt c^ggcaacta - 
3' (SEQ I'D HO: 30} and the reverse primer 2 c 5 — 
tagagtegacccgeasgcat--3'' (SBQ 12 58: 31) . The PCR amplicon and 
the pX plasmid containing the a-amyiase gene were digested 
s with Past I at 3?*C for 2 hoars, The pX vector fragment- and the 
E. coli origin ampiicon were ligated at. room temperature, f or I 
hour and transformed in B- coli by eieetrotransforTation. The 
resulting vector is designated pSnKiOi , 

;.e Low pK filter assay 

Bacillus libraries are plated on a sandwich of .cellulose 
acetate (OB ST, Schleicher & Sehueli, Passed , Germany) » and 
nitrocellulose filters (Protrsn-Ba 8S-, Schleicher a Sehueli, 
D&ssei,. Germany} on TY agar plates with io ^g/mi 

is chlorasnpheniccl at 3?°C for at least 21 hrs. The cellulose 
acetate layer is located on the TY agar plate. 

Each filter sandwich is specif idaily marked With a needle 
after plating ; font before incubation in order to toe able to 
localise positive variants on the filter and the nitrocellulose 

so; filter with bound -variants is transferred to a container with 
citrate buffer, pH 4.5 and incubated at SChC for IB tain. The 
cellulose acetate filters with colonies are stored on the TY- 
plates at room temperature until use. After incubation, 
residual activity is detected on assay plates containing 1% 

35 agarose, 0,3% starch in citrate buffer, pH 6.0. The assay 
plates with nitrocellulose filters are tnarksd the same way as 
the filter sandwich and incubated for 2 hours, at SOhr. After 
removal of the filters the assay plates are stained -with 10% 
Lugol solution. Starch degrading variants are detected as white 

30 snots on dark blue background arid then identified on she 
storage plates. Positive variants are rescreened twice under 
the same conditions, as the first screen. 

Secondary screening 
is Positive transiormants after rescreening are picked from, 

the storage plate and tested in a secondary plate assay. 
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Positive transforrsants are grovm for 22 hours at 3?°C in 5 ml 
LB + chloramphenicol- The Bacillus culture of each positive 
transformant and a control l»E174 variant wsrs incubated in 
citrate buffer, pH 4.5 at 3Q :c .e and samples were taken at 
5 0,10,20,30,40,60 and SO minutes. A 3 microliter sample was 
spotted on a assay plate, assay plate was stained with 10% 

Lugol solution. Improved variants were seen as variants with 
higher residual activity detected as halos on the assay plats 
than the backbone. The improved variants are determined by 
to nucleotide sequencing, 

F8tfm«sntatio» and purification o£ ^-amylase v&srtants 

A B, suhtiliB strain harbouring the relevant expression 
plaswld is streaked on a LB -agar plats with IS ug/ml 
xs chloramphenicol from ~80°C stock, and: grown overnight at 37*0. 
The colonies are transferred to 100 mi BPX media supplemented: 
with IS ^g/ml chloramphenicol in a 500 mi shaking flask. 
Composition of BPX medium; 



Potato starch, 


100 g/l 






Barley flour 


50 g/l 






» 5000 SKB 


0,1 g/l 






Sodium cas.einate 


10 g/l 






Soy Bean Meal 


20 g/l 






ha ? KP0 4; 12 H ; 0 


9 g/l 






Pluronic' rw 


Oil g/l 






The culture is shaken at, 37 *C at 270 


tpm for 5 


days . 


Cells and ceil 


debris are removed 


from the 


fermentation 



broth by centrifngation at 4500 rpm in 20-35 minutes, Afterwards 
the supernatant is filtered to obtain a completely clear 

so solution. The filtrate is concentrated and washed on a OF- 
filter (10000 cut off rsembrane) and the buffer is changed to 
20mM Acetate pH 5.5. The UF- filtrate is; applied on a S-sepharose 
F , F , and. eiution is carried out by step eiution with 0 , 2M MaCi 
in the same buffer. The elnate is dialysed against lOmM Tris., pH 

as 0.0 and applied on a Q~sepharose F.F. and eluted with a linear 
gradient from 0-0.3M MaCi over Cl column volumee. The fractions- 



wo nam mi 



t>c?mm9?mm& 



33 

which contain the activity {measured' hf the Phsdebas assay} are 
pooIed :> pH vas adjusted to pB 715 and remaining color was 
removed by a treatment with 0.5% Wvol . active coal in 5 
minutes . 

3 

Sfeabili ty determination 

All the stability trials are made using the same set up. 
The method is: 

The enzyme is incubated under the relevant conditions Q •• 
10 4) . Samples are taken at 0 ; 5, 10, IS and 30 minutes and 
diluted 25 times (same dilution for all taken samples) in assay 
buffer (O.IM 50mM Brit ton buffer pK 7.3) and the activity is 
Treasured using the Phadefaas assay {Pharmacia} under standard 
conditions pH 7.3, 37°C. 
its The activity measured before inoubat ion (0 minutes;} is- used 
as reference (Idol), The decline in percent is calculated as a 
function of the incubation time . The table shows the residual 
activity after 30 minutes of incubation, 

so Activity dstemination - (KHU) 

One Kilo a Ipah-- amylase Unit (1 mil) is the amount of enzyme 
which breaks down S.2S f starch (Merck, Aiwlum solubile* Brg. $ 
Batch 9047275; per hour in Sfovo Nordisk's standard method for 
determination of aipha-amyiase based upon the following 

as condition: 

Substrate soluble starch 

Calcium content in solvent 0.0043 M 

Reaction time 7-20 minutes 

Tempera tore 

30 pH 5.6 

Detailed description of Novo 3Sordi.sk' s analytical method :A? 3) 
is available on request. 

Specific activity determination 

n- amylase activity is determined by a method 
employing Phadebas® tablets as substrate. Fhadebas tablets 
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(Phadabas* Amylase test,- supplied by Pharmacia Diagnostic) 
contain a cross -linked insoluble blue-- coloured search polymer 
which has been mixed with bovine serum, albumin and a buffer 
substance and tabietted, 
s For every single measurement one tablet is suspended 

in. a tube containing 5 j$l 50 mM Brit ton- Robinson buffer (SO rsM 
acetic acid, 50 rtM phosphoric acid, 50 m- boric acid., 0.1 m 
CaCX s < pH adjusted to the value of interest with. MaGH) . The test 
is performed in a water bath at the temperature of interest. The 

10 a-amylaae to be tested is diluted in % ml of 50 vtM Britten-- 
Sobinson buffer. 1 ml of this s-awlass solution is added to the 
5 ml SO vcM Brit ton- Robinson buffer. The starch is hydroiysed by 
the « -amylase giving soluble blue fragments. The absorfoanee of 
the resulting blue solution, measured speetrophotomatricaliy at 

is o2Q nm, is a function of the ^-amylase -activity. 

It is itr©ortant that the measured 62 0 ntft sbsorbanee 
after XQ or IS minutes of incubation (testing time) is in the 
range of 0,2 to 2,0 absorbanee units at 620 nm. In this 
absprbaaee range there is linearity between activity and 

so- absorbance (ismbert-Beer law) . The dilution of the enoyme must, 
therefore be adjusted to 'tit this criterion , Under a specified 
set of conditions (temp. , pR, reaction time, buffer conditions) 

1 mg of a given a-amylas© will hydroiyse a certain amount of 
substrate and a blue colour will be produced. The colour 
25 intensity is measured at 620 nm. The measured absorbanpe is 
directly proportional to the specific activity (activity brig of 
pure .a-amylass protein) of the tx-amylase in question under the 
given set of conditions:. 

30 EXAMPLES 



Example X, 
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Construction, by random m&jgggggi&^M^^ 

amyigasm^^ stability at lm~Ji8LJSZ2&-& 

rMm^^P^nmmY...9^ calcium ions /for\.a£abxlifc\;;...c.Qm^iKad-tilJ^fe 
parent engvme.^. 

Random sjeutageassis 

To improve the stability at low pH and low ealcii.ua 

concentration of the parent LEI 74 a -amylase variant random 

mutagenesis in preselected regions was performed. 
10 The regions were; 

Region; Residue; 

SBUJ A42S-Y43 8 

SEE! I W411-L424 

SBKXIX G397-G4I0 
is SERV T3S9-H3B2.. 

SERVIX G310- F323 

SIRXX L34S-P359 

For saph six region, random oligonucleotides are 

synthesized using the same mutation rape (57 % backbone and 1% 
so of each of the three remaining uneXeotides giving 3% mvtations) 

in each nucleotide position in the above regions, e.g. , i . 

position in condon for A42Si 5?%C t 3.%A, 1%T, 1%G. The six 

random olig^nupieotides and if used complementary SOB helping 

primers are shown in tabiesi-S; with the four distribution of 
£5 nucleotides below. 



Table 1. 

RSERI; 5 ' -GC GTT TTG CCG GCC GAG K£A 312 234 322 243 333 13 3 
444 233 423 242 212 211 24; 34 3 CAA ACT TGA ATT - 3 f (BHQ ID HI ; 
30 IS) 

Table 2. 

RSERI I; V -GC GTT TTG CCG GCC GAG ATA CAT TOG GTT TGC CCG ACC 
GGQ TGC GIG TGT TAT TAA TGC GGG 311 133 241 122 243 113 341 432 
:v 423 433 223 332 2 42 331 GCC GAC &AT GTC AIG GT'G-3 ' (SEQ ID HO: 
16) 
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Table 3 , 

ESERXII; S.'-STC GCC TTC OCT TGT CCA 433 413 112 423 124 424 423 
411 121 123 124 334 243 233 CSC ATA CTG TTT TCT-3' (SBQ ID 

5 17 5 

Helping primer PSERlXIc 5'~TGG ia MS GAA GGC GAC AG-3' (SEQ 
ID HO: 18) 

Table 4. 

io RSERV: S-TAA GAT CGG TTC AAT TTT 424 222 311 443 144 11.2 223 
434 324 441 423 233 222 342 CCC GTA CAT ATC CCC GTA GAA -3 (SEQ 
ID NO; 19} 

Helping primer FSERY ; 5 - AAA ATT GAA COG ATC TTA - 3 ( SEQ ID HO ; 
20} 

.■as 

Table 5, 

FSERVII: ;S ■ ■- TT CCA TOG TGC ATC GAC ACA GGG AGO CGG GTA TGA TAT 
SAG GAA ATT OCT GAA 344 213 442 342 3ll 431 3233 422 411 123 

4 42 213 122 TGT CGA TAA CCA- 3' {SIC; ID NO; 21} 

2.0 

Helpimg primer KSERVIXi 3"~ TGT CGA TGC AGC ATG GAA - 3- (SEQ 
ID MO; 22} 

Table 6. 

& FSERIX; 5' ~GT CCA AAC ATG GTT TAA GCC 432 343 221 343 222 212 
233 313 114 441 123 244 121 333 TCA GOT TTT CCA CGG GGA- 3 ' (SBQ 
ID HO ; 23} 

Helping primer RSERIXc 5 * -GCC TTA AAC CAT GTT TGG AC-- 3' (SEQ ID 
HO: 240 

se 

Distribution of nucleotides in each mutated nucleotide position 
l;97%A f l%T f 1IC, !%G 
2;97%T, 1%A, .1%C, 1%G 
3:97%C, t%% li?, 1%G 
3S 4:3?%Q, 1%A, 1%T, 1%G 

Construction of plasmicl libraries 
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Two approximately i--* kh fragments were PGR amplified using 
the primer IB; 5<~CSA TTG CTG ACQ CTQ TTA TTT GCG- 3 ' and the 
random oligonucleotide apparent fr®m: table 1., respectively the 
random ol igonucleotide apparent from table 2 < The vector 
5 pSnKlOl and the PCI fragments were digested with EcoKV and EagI 
for 2 hours. The approximately 3.6 kfo vector fragment and the 
approximately .1.3 kb PCR fragments, was purified and ligated 
overnight and transformed in to E.coli and then further 
transformed into a Bacillus host starin as described below. The 

i o random oligonucleotides apparent from Tables 3-6 (which by a 
common term is designated aSER and bSBR in Rig. 2; for each 
region and specific B, lich&nifozmis primers IB { SEQ ID HCi 26} 
ana #63; S'«CTA TCT TTG AAC ATA AAT TGA AAC C-3' (SEQ ID EG'. 
2?) covering the EcoRV and the Bag! cites in the .LEI 7 4 sequence 

is are used to generate PGR- library- fragments by the overlap 
extension method (Horton at al , .. Gene, 77 (19m}, pp.- £3.-68} 
Figure 2. shows the PGR strategy. The PGR fragments? are cloned 
in the S, coIi/Ba.eiI2xu$ shuttle vector pS^KIOI {see Materials 
and Methods} enabling mutagenesis in E> cell and immediate 

so expression in Bacillus suhtilis preventing lethal accumulation 
of amylases in E* coll. After sstabl ishing the cloned PGR 
fragments in E. eoli, a modified pUC19 fragment is digested out 
of the plasmid and the promoter and the imitated Termamyi gene 
is physically connected and expression car take place in the 

25 Bacillus host ,. 

Screening 

The six libraries were screened in the low pH filter 
assays described in the Material and Methods" section above, 

30 

All variants listed in the table in Example 2 below was 
prepared as described in Example I. 

EXAMPLE 2 
ss Measurement of stability 

Normally, industrial liquet action processes is run at pH 
6,0-6,2 with addition of; about 40 ppm free calcium in order to 
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improve the; stability at $B°q-iO$*e. Variants of the invention 
have been made in order to improve the stability at. 
1. lower pH than pH 6.2 and/or 

2 < at free calcium levels lower than 40pprs free calcium., 
s An assay which meastires the stability at acidic pK, pH 5.0, 

in the presence of Sppm free calcium was used to measure the 
.Increase in stability, 

10 jig of the variant was Incubated under the following 
conditions; A 0.1 H acetate solution, pH adjusted to pH .5.0, 
its. containing Sppm calcium and §.% w/W common corn starch (tree of 
calcium) . Incubation was made in a. water hath, at 0S*C for 30 
minutes . 

.Sesjaltsm 

is Increased stability at pE 5.0, S pps calcium incubated at 95 6 G 



MINUTES OF " 
IMCUB&TIGH 


LEI 7 4 

WITH 

KI?SRv 

I20IF+ 

K2G5N 


LEI 74 

with 

K.176R + 
X201F4- 
H205N+ 
E376K* 
A420R 


LE174 

WITH 
K176R+ 


lMi:?4 

WITH 

IU76R+ 

X201F4- 

S3SSA+ 
Y358 F i 


12.01ft 
H23SK+ 
S4 1 7T-h 
A420Q 




100 


100 


100 


100 


,B 


ss 




6S 


66 ] 


[To ' 


"58 


S3 


.6:0 


50 


is 


51 


48 


55 


56 


To 


36 


•39 ' 


"40 ~ 


49 



Fpecitic,. set iyity; d^arjgipaamu. 

The specific activity Wast' dstermiiied using the Phadebas 
assay (Pharmacia} {described abo^e) as acmivity/mg enzyme. The 
28 activity was determined using thp- et~ amylase assay described in 
the Materials and Methods section herein. 



LEI 7 4 with the following substitutions; 
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3S 

K176R+I2G1F+H20.5N 

Specific activity determined: 13400MJ/rag 

LSI74 with the following substitutions*. 
S KI76Rf-I30IF-i-H2DSN-$-E3?6K^A420R;: 

Specific activity determiners imQW/m 

LE174 with the following substitutions : 
Kl 76 R4 12 0 1 F+H20 17T-;-A42 0Q ; 

m Specific activity determined ;lSg?0M/mg 



LEI 74 with the following: substitutions: 
K176R+ 1202 F+H2 0 5N+ S3 S 6A + Y3 58 F s 
Specific activity determined; IS30GNU/tng 
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CLAIMS 

1. A variant of a parent ^ermart^i-like a~amyiase, which variant 
a~ amylase has bean altered in coftp&rimn to the parent «~ 

s amylase in one or mora solvent exposed amino acid residues on 
the surface of the a-amylase to increase- the overall 
hydrophobic ity of the a- amylase and/or to increase the overall 
numbers of methyl groups in the sideehains of said solvent 
exposed a;aiso acid residues on the surface. 

;.o 

2. The variant according to claim 1, wherein one or more solvent 
exposed amino acid residues on a eoncav surface with inwards 
bend are altered to more ny/drophoMc amine acid residues. 

is 3- The variant according to claim 1, wherein one or more solvent 
exposed amino acid residues on a convex surface are altered to 
increase the number of methyl, groups in the sidechadn. 

4 . variant of a parent Termamyl-like u^- amylase, comprising an 
to alteration at one or more positions selected from the group of; 

E3?6, 3417, M20, S3S6, Y358; 

wherein {a) the alteration (a) are independently 

U; an insertion of an amino acid downstream of the amino 
acid which occupies the position, 
as Mi } a deletion or the amino acid which occupies the 

position, or 

{ill} a substitution of the amino acid which occupies the 
position with a different amino acid, 

Ch} the variant has a-amyiase activity and (c) each position 
so corresponds to a position of the amino acid sequence of the 
parent Termamyl-like « --amylase having the amino acid sequence of 

SEQ ID MO; 4. 

5, The variant according to claim 4 f which variant has an 
35- alteration in one or more solvent exposed amino acid residues as 

defined in any of claims 1-3 . 
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6. The variant of any of pisimB, ITS, wherein the parent 
Termamyl--like a-araylase is derived from a strain of S. licheni- 
formis, 8. amy! oliqueiaczms;, . st;s^ro^l5^r^^philu&%. Bacillus 

5. sp, MCXB 1228:9, miB 12512/ 12513 or DSM 937S.. 

7. The variant aceordin to claim S, -wherein the parent a- amylase 
is derived from B. lichestiiSoxmxs strain ATCG 27811. 

is 8. The variant according to claims 1-3, wherein the parent 
Termamyl-like ^amylase Is any of the a-amyiases selected from 
the group depicted in BEQ ID SOS: 1, 2, 3, 4, 5, 6, 7, and 8.. 

$, The variant according to any of claims 1-8, wherein the 
is parent Termat^l -like ec-smylase has an aw.no acid sequence which 
has a degree of identity to SBQ ID SO.: 4 of at least 65%.. 
preferably 70%, more preferably at least 80%, even more 
preferably at least about 30%, even more preferably at least: 
95%, even more preferably at least 97%, and even more preferably 
20 at least 97%. 

10. The variant according to any of claims X-IO, wherein the 
parent Termamyl-iike a-amylase is encoded by a nucleic acid 
sequence whiqh hydridijses under medium., preferred high 

as stringency conditions, with the nucleic acid sequence of SBQ ID 
NO: 12. 

11. The variant accoxdint to claims 1-1D, wherein the parent 
Termasnyl-lihe a r amylase is a hybrid of the B. Jicheni.fom.is d~ 

.30 amylase shown in SWQ ID HO; 4 asd S. amyloliquefaciezx® ^-amylase 
shown in SBQ IP SO: 5- 

12 . The variant according to cdsim 11, wherein the parent hybrid 
Tsrmayi-iike a- amylase is LB 17 4. 

25 
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13, The variant according to any of qlatins 1-12, wherein the 
parent a- amylase further has a mutation in one or more of the 
following positions » mm f .1201. H205 {using the numbering 
in SEQ ID NO: 4} . 

s 

14. The variant according to claim 13,: wherein the parent «- 
amylase has one or more the following substitutions ; EX76R, 
12 OIF and/or H205N (using the : mmibmrim &5 SS Q ID NO: 4) . 

io is. The variant according to claim 14:, wherein the parent a~ 
amylase has the following substitutions;. Kl.?SR-fI201F+K2:G5M 
(using the numbering in SEQ ID NO: 4; . 

IS v The variant according to claims 1 to 15, wherein the variant 
•is has increased stability at pHs below ?. o (acidic pH) and/or at 
low calcine concentration and/or at temperatures in the range 
from 95 to X60*C (high temperatures) relative to the parent; d- 
amylase. 

so 1?:, The variant according to any of claims X to 16, which 
variant has one or store of the following substitutions : 
E3?6R,S4X?T,A420Q f R, S3 5SA, Y3S3F, 

18, A DMA construct co^rising a Dm sequence encoding an a~ 
as amylase variant according to any one or claims I to 17,. 

19. A recombinant expression vector which carries a DHA con- 
struct according to claim 18. 

so 20. A cell which is transformed With a DHA construct according 
to claim 18 or a vector according to claim 19 . 

21. A ceil according to ■■claim .20;, 'Which is a microorganism, 

:<< 22. A cell according to claim 21, which is a bacterium or a 
fungus . 
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23. Tha cell according to claim 22., which is a grampositivs 
.bacterium such as Bacillus ■snbtilis, Bmzillus licheniformis, 
B&cillus lenlus, Bacillus br&vlM, Bacillus stearothermophi lus f 

s .Bacillus alkalophilug;.- Bacillus aswloliqaefaci&ns, Bacillus 
coagulans, Bacillus ciraulmis, Bacillus Imitiis. or Bacillus thu~ 
ringiensis, 

24. h detergent additive emprlsing an a--amyiase variant aocor- 
xd ding to any one of claims 1 to X?, optionally in the form of a 

nan- dusting granulate, stabilised liquid or protected enzyme < 

25. A detergent additive according to claim 24 which contains 
0.0:2-200 mg of enzyme protein/g of the additive. 

is 

26. k detergent additive according to claims 34 or .25, which 
additionally comprises another enzyme such as a protease, m 
lipase, a peroxidase, another amviolytie enzyme: and/or a 
celiuiass . 

2?:> A detergent composition, co^rising an a -amylase variant ac- 
cording to any of claims I to 17. 

28. A detergent composition according to claim 27 which addi- 
ss tionaliy comprises another snsyme such as a protease, a lipase, 

a peroxidase, another amylolytie enzyme and/or a ceilulase. 

29. h manual or automatic dishwashing detergent composition 
comprising an a- amylase variant according to any of claims 1 to 

30 17, 

30. A dishwashing detergent composition according to claim 23 
which additionally comprises another enzyme such as a protease, 
a lipase,, a peroxidase, another amylolytie enzyme and/or a 

ss eeiluXase. 



31. A manual or automatic laundry washing composition comprising 
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an a -amylase variant according to any of claims 1 to 17. 

32. & laundry washing composition according to claim 31, which 
additionally comprises another i&nzysm snch as a protease, a 

5 lipase, a peroxidase, an amy! ©lytic 'm&yrtet and/or a cellulase. 

33. A composition comprising; 

(.£•) a mixture of the a-amylase from £1 lichenifcrsnii- having the 
sequence shown in BEQ ID NO; 4 with one or more variants 
is according to any of claims 1 to 17 derived from (as the parent 
Tsrmamyl-like a.- amylase; the H. stearothsnsophilus a-amyiase 
having the sequence shown in SEQ ID NO : 3; or 

ixk) a mixture of the <x -amylase from B, stearazhazmophilus 
having the sequence shown in SEQ ID MO; 3 with one or more 
is variant s according to any of claims :'l to 1? derived from one or 
more other parent Ter?aamiyl--liJse a~amylases; or 

(iii) a rai&ture of one or more variants according any of claims 
1 to 17 derived from {as the parent Tefmamyi-iike a -amylase} the 
B , ■stmro^zmpphiluB a-amylase having the sequence shown in SgQ: 
is ID : WQi 3 with one or more variants according to the invention 
derived from one or more other parent T-rnncyi -hike a- amylases. 

34. The composition comprising a variant of any of claims 1 to 
17 wherein the parent a-amylase is a hybrid alpha- amylase 

25 comprising a H-terminal part of the B. amyloliquefaden® a~ 
amylase shown in SEQ ID HO; 3 and a C~ terminal part of the B. 
licheniformiB a-amyiase shown in SEQ ID NO ; 4. 

35. The composition according to claim 34, wherein the parent 
30 hybrid Tsrmamyl- lihe a-amyiase is LE174 

36. The composition according to claims 35, wherein the parent 
Termamyl -Iike a -amylase is hSl?4 with an alterant ion in one or 
more of the following positions .: K.176, 1201 and H205. 



WO WfZMW 



46 

37. The composition according; to claims 36, wherein the parent 
Termamyl~li&® a- amylase is bEl74 with one or snore of the 
following substitutions: K176R, I201F and H20SN. 

38. Use of an a- amylase variant according to any one of claims 1 
to 17 or a composition according to claims 3 3 to 37 for washing 
and /or dishwashing , 

io Use of an a-atnyl&se. variant according to any one of claims % 

to 17 or a composition according to claims .33 to 37 for textile 
desiring. 

40, Us® of an a- amylase variant according; to any of claims 1 to 
is 17 or a composition according to claims 33 to 37 for starch 

liquefaction . 

41. 7k method for generating a variant of a parent Termamyl - 'like' 
a-asayiase, which variant exhibits increased stability at high 

&o temperatures relative to the parent, the method comprising; 

(a) stibietting a Dm sequence encoding the parent Termamyl-like 
a- amylase to random mutagenesis, 

(b) expressing ths mutated DM& sequence obtained in step (a} in 
a host cell, and 

25 (c) screening for host cells expressing a mutated a -amylase 
which has increased stability at high temperatures relative to 
the parent Termamyl-like 6C~amylase> 
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1 50 

1 HHNGTKGTMM QYFEWHLFMD Qffi&ffiSBLMUD ASHERN'RGIT AXWIFPAWKG 

§ 2 . .NGTNGTMM QYFBWYLPfclB GNHWNPLHSD ASNLKDKGIS AWIPPAWKG 

3 HHKGTHGTMH QYPBWYLP&D Si?H8NRLfcDD AM5LKSKOXT AVWIFPAWKG 

4 , , , .VNGfLM Q^FSvJfTh-'Mt.) OQHKKRLQ^D AEHLSDxG.iT AVfel FPAYKG 

5 , , AMGNGTLM QYFEWYKFMD GQHWERLQND SAY LAEKG I T AVWIFPAYKSG 
B . AAPFMGTMH QYFEWYLPD3D GTLWTKVANE ANNLSSLGIT ALWLFPAYKG 

xo 

51 100 

1 TSQNDVGYG& YDLYLLGEFM OKGTVETKYG TRSQLESAXH AXKmSVO^Y 

2 ASQMDVGYGA YDLYDLGE FM QKGT I ETSCYG TRHQLQAAW ALKSHGIQVY 

3 TSO^VGYGA YDLYDLQEFN QKOTVRTKYG TRHQLQAAVT SLKNHGIQVY 
15 4 LSQSDNGYGF YDLYDLGBFQ QKGTVRTKY<3 TKGBLQDAXG SLKSRNVQVY 

S TSQADVGYGA YDLYDE-GEPH QKGTvETKYG TKGELQSAIK SLHEHilWY 

$ TSRSDVGYGV YDLYDLGBFN QKGTVRTKYG TKAQYLQAIQ AAHAAGMQVY 

101 150 

'as i GmvmmKQ® adatssvlav ev^pshrhqs isgdytibaw tkfbfpgrgh 

2 GDWMNHKGG ADATEHVRAV BWP^EKQE VSGEYTI EAK TKFDFPGRGN 

3 GDVVMMHKGG ADGTEIWAV EV&RSHBSrQE TSGEYAIEAW TKFDFPGEGN 

4 GDWLKHKAG ADATEDVTAV EVSJPAMBNQE TSEEYQX HAW TDFR.F PGRGM 

5 G0VVINHIG3G ADATEDVTAV BVX>PADHMRV 1SGEHLIKAW THFHPPGSGS 

6 ADWFDHKGG ADOTEWVDAV EV35PSDRSTQE 1 SGTYQ I QAW TKPBPPGRGN 

1S1 200 

1 TYSDFKSfRWX HFDGVDWDQS RQFQMRIYKF RGDGKAWDWS "VDSENGNYDY 

2 THSKFKWRWY HFDG VDWDQ S RKLSMEIYKF RGDGKGWDWE VDTENGMYOY 
30 3 &HSSFKWRWY KFDGTDWDQS RQLQbJKIYEF RGTG K A WT>ME VDTEMGMYDY 

4 TYSBFKWKWY HFDGADWDEE . 8EXFKF RGEGKAWX3WE VSSEbJGNYDY 

5 TYS'DFKWHWY HFDGTDWDES RKL.HEIYKF . . QGKAM3WE VSNEHGNYDY 

6 TYSSFKWRWY HFDGVDWDES RKL«SRXYKF RG I QKAWDWB YDTEHGHYDY 
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250 



1 immwrnm mirmmm® gewythtlkl dgfeidavrh .ikysftrdwl 

2 LMYADIDMDH GWYTHTLGL DGFRIDAVRB 1K.YSFT.RDWS 

3 LMYADVDMDR FEVIHEtRNVf GVWYTBTLML DGFEIDAVRH IKYSFTRDWI- 

4 LMYADVDYDH PDV VAST KKW GX.WYANBLS'L BGFRID&AKK XKFSPLRDW 

5 LMYADIDYDH PDVAAHXKEW GT5*YASSBLQ.L :DGPRLDAVKE IKFSFLRDWV 

6 LMYADLDMDH P.EVVTSLKEW GKWYV23TTHX BGPS.LDA7KH rKPSFFFDWL 

251 300 

1 THVRNATGKE HPAVAEF^KM DLGALEMYl^ KTWNHSVFD VPLHYNLYNA 

2 XHVRSATGKN MEAVAEFWKH DLSAXBHYLM KTWmmWD YPLHYHFYJ?A 

3 THVENTTGKF MFAVAEFWRH DEGA.X SHYLM ETSWEHSAFD VShBYmfiSh 

4 QAVEQATGKS MFTVAEYWQH KAGKJJSSSYLH KTSFEQSVFD V:RUIPSl«QAA 

5 KHVEBKTGES MFTVAEYWQH DKSM.EHYLN ETHFHHBVFD VPLHYQFHAA 

6 SYVRSQT0KP AFTVGEYWSY 0INKLHNYI.T KTDGTMS LED APLHNKFYTA 

301 3 SO 

% SNSGGNYDMA KLIIGTWQK HPJKH&VTFVD HHDSQPGESL SSFVQEWFKP 

2 SK8GGNYDMR QIFHGTWQR HPMHAVTFVD KHDSQPEEAX; ESPVEEWFKP 

3 SH8GGYYOMR KriLNOSVV59lt HPTBAVTFVD HHDSQPGEAL ESFVQQWFKP 

4 SSQGGGYDMR RLEDG'TWSR HPBKAVTPVB HBOTQPGQSL EBTVQTWFKP 

5 STQGGGYDMF* KLLNGTWSK HPLKSVTJPVD KHDTQPGGSL ESTVQTWFKP 
S SKSGGAFDMR TLfrfnm^ OPTX&VTFVi) MiDTSPGQAL QSNVDHHFKP 

3SI 400 

1 GAYALILTRH QGYPSVFYGD YYGXPTKS . . . WAMKAKI D PILEARQMFA 

2 LAYALTLTRB QGYPSVFYGD YYG1PTHG. , ,VPAKKSKXD P I LBARQKYA 

3 EAYALVLTEE QGYPSVFYGD YYGIPTHG. . ,VPAMKSKXD ELLQARGTFA 

4 LAYAFXLTEE SGYPQVFYGD MYGTKGTSPK SIPSLKDNTS PILKAEKEYA 

5 LAYAPXLIRS SGYPQVFYGD MYGTKGDSQR SIPALKHKIE PJLRAEKQYA 

6 LAYAFILTRQ SGYPGVFYGD YYGXPQYN. . ..XPSLKSKID PELIAR.RDYA 

401 4 SO 

1 YGTQEDYFDH HHIIGWTREG NTTHPHSGLA TXMSDGPGGE KWKYVGQERA 

2 YGRQN « . , , . . . . , 

3 YGTQEDYFDH EDI IGWTRSG mSBWtSQhh. T I MS DGPGGN KWMYVGEHKA 

4 YGPQHDYXDH P.DVIGWTREG DSSAAKSGLA ALXTDQPGGS KEMYAGLKNA 

5 YGAQRDYFDH HDXVGHTESG DSSVAMSGIiA ALXTDGPGGA KFMYVGEQMA 

6 YGTQKDYLDH SDIIGWTREG GTEKPGSGLA ALXTDGPGGS RWMYVGK0HA 
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5 1 GQmWITCm KPGTVTIMM) GWM3PSVNGG SVSIWVKR. < 

2 

3 GQVKRDITGN RTGTVTXKftP (StfGNFSVMGG SVSVWVKQ. - 

4 GBTWYDI'TGK RSBTVKXGSD G&GEFHVMDG SVSIYVQ 

5 GETWHDXTGN RSBFVVINSH GWGEFKVMGG SVSXYVQR - 

0 6 GK^FYDLTGS RSDTVTXKSD GWGEFKVHOG SVSVWVFRKT TVSTIARPIT 

SOI SX9 



1 
2 



is 3 

4 



6 
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SI3QUBKCS LISTING 

ili GENBRAL IKFOPMATXCSb 
& APPITGA15T: 

s (a) um&s mvo. *jgkx>.tsk k/s 

{8} STASBTt 'SiSV©' &Ii<S 
(C) CITY : J>K"288& Sagsvaa** 
<S) COUNTRY ; Denmark 
{F) POSTAL CODE <;jj.n>) i DK-2880 
XO (C3> T£BKT>HO*B: *45 44 44 §8 88 

(H) TELBPAX: +45 44 43 33 .56 
iix) TlthB OB I^VBMTIOH; a-amylase variants 
{ill} OF SSQUBMCFS: 33 

(iv) COMPUTER PEABABLE FOSM; 
i5 {A,} MEDIUM WPS: Floppy disk. 

(B) COMPUTER; IBM PC coifipStifols 

{C} OPBRATIP0 SYSTEM; PC-BOS/MS-BOS 

(2! mWMM&lQ® BOB GEO. IP NO: 1; 
20 {is SBOUH'fCE CHASSACTERXSTXCS;- 

ik) iiEKGTH ; 483 amino .acids 

{Hi TYPE; asdxto acid 
(C; single 

{05 TOPO-UXTV: linear 

as Ui) noLBCwj-z type; arofceia 

{1.11} Organism: Bacillus sp. 

{552 5 SSQUEKCS SBQ XB BO; -Is 

His His Asn Gly i&r Aao. Gly Tax : fifet Wet Gin Tyr the Slu Trp Tyr 

so i :s .xo is 

Mu fcm M» -Mp> Sly Asa Bis -T-rp Asm &su. .&jsg Asp Asp Ala Ala 
20' 25 30 

35 Asa J,eu Bys Ser Lys Gly lie Thr Ala Val. Trp Xle »ro Fro 1 Ala: Trp 

35: 4« 45 

Lyss Sly '&xr Sar oii! Ask Asp Vsl Sly Tyr «3Jy .Ma Tyr Asp Beu Tyr 
SO 5S SO 

as 

Asp L«& mt Phe Asa Qlii. Bys Sly Thr Vsl Arg "*::• :' Bys Tyr Gly 
65 70 75 80 

Thr Arq Asa Gin Lea MP Ala Ala 'Val Thr; Ser Le« 'Bys Asm Asa Sly 
4.5 85 90 ?S 

lie GXa Viea Tvr Gly Asp Val. Val Mat tei His Lys Gly Gly Ala Asp 

im los iio 

SO Gly Thr Glu lie Val Asa Ala ¥al Ciu VAX Asm Arg Ser As.r; 8rg A;;;; 

IIS 120 1S& 



5-S 



Gla Glu Thr Ser Gly Ola Tyi Ala XX® Glu Ala Trp Thr Ays Fhe Asp 
X3D 135 140 

Phe Pro Gly Axg Gly Asa Asa Hjs S«.s S&r Phe Bys Trp Arg Trp Tyr 

14 5 * 150 155 ISO 



His Phe Asa. Gly Thr A;;p Trp Asp Sin Ser Arg Ola Leu Gl» Ass Ays 

60 " 1«5 ' 179 ITS 

Ii« Tyr Lvs: Bhs Arq Oi y Thr Gly By:? Ala Trp Asp Trp Gia Val Asp: 
180 XSS ISO 

Ci Thr Olu Asa Gly Asti Tyr Asp Tyr Het Tyr Ala. Asp Tal Asp Met 

X&5 280 a OS 
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&sro His Pro QXu Val He Hia 0X» Uto *rg: Asu Trp Sly Val Tip Tyr 

' 3ij> a is 220 

: rbf- ftsK Thr L®« Asa Lew Asp GlV : £hs Arg lie Asp Ala. Val x»y« His 
5 22S 230 235 240 

Vss Lys Tvr S«r Phe Thr Arq As» Trp Lett Thr Mis Val -hrq Asa Tfor 
24.fi 230 255 

IS Thr Glv Lys Pro Met Phe Val Ala Six* Phe Trp Lye Asrs Asp Leu 

260 2 65 270 

<31v &la Xl« Glu Asa Tys? Leh ten-- tt?s Tkr Ser Trp Ma Hiss S©y Val 
27*5 380 2S5 

Phe Asp Val Pro Leu His Tyr Mm l»eu. Tyr Asa Ala Ser m& Ser Sly 

Gly Tyr Tyr Asp Met Arg -&m 'X3« Sly Ser Val Val Gin Lys 

20 38$ ' 310 315 320 

His Pro Thr His Ala Val Thr :'&he Val Mp Asa Sis Mp» Ser Sift Pro 
323 330 335 

2S Sly Oiu Ala l»*u Glu Ser Pfea Val din Gin trjs Pha Lys: Pro Leu: Ala 

340 34S 350 

Tyr Ala lieu vfal » T/hr Arg -8lu Slu <Hy Tyr Pro; Ser Val She tyr 
S5§ 3<>0 365 

3 : b 

Sly Asp Tvr Tvr Sly lie Pro Tfer sis Gly Val Pro: Ala Met, Lys Ssr 
370 "'" 3TS 380 

Lva He Asp Pro. Lea Leu : Sirs AJU Ar<3 : Sin Tjte Ph* Ala Tyr Sly Thr 
35 3 3S 3 SO 3-SS *.S0 

Sirs. His tea Tyr Phe M : p His His AsjS lis lis Sly Trp Thr Arg #1« 
405 410 4X5 

4.0 <SXy Asa Ser Ser His Pro &»a Ser Gly Leu. Ala Thr lie Het Ser Asp 

430 423 4 30 

01 V Pw Glv Sly A»a Lya Trp f5ei Tvr Val Sly Lye Asa Lys Ala Gly 
43S 440 443 

43 

Gin Val Trp Arg Asp lie Thr Sly Ass& Arg Thr Gly Thr Val Thr lis 
450 * 453 460 

Rsts Ma Asa Glv Tra Sly Asa Phe Ser Val Asa Gly Gly Ser Val Ser 
50 463 * ' 470 0S 480 

Val Trp Val Lys Sirs 

«S <2) ISJFDRMATIOM PCS SEQ XO SQ; 2? 

(i) SSQI3SMCS CHARACTERISTICS; 

|A3 LSHGTH; 405 amino scids 
CB> TYPE; Sfi?lnO acid- 
ic- STRAl\T>BDHES S siagls 
SO (05 TOPOLOGY: liuear 

{U} MOLECULE TxPS: pxot.six; 
(.i.ii)0r«?a»is}85 Bacillus sp. 
ixi) SEOUS^CE ■DESCRIPTION : SSg IB 2 : 

6S His His Asa Glv Thr Asa Sly Thr Met Met Sift Tyr Phe Ola Trp His 

> ""* 5 10 IS 
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Lsn Pro Ass Asp GXy Asa His Trp : *sj&.Ayg;I^u Ar« Asp Asp Ala S«r 
20 2S 30 

mn h&u Arcs Asxj Arg GIv He Tar Ma lie Tsrp Ee Pro Pro Ala Tr» 
35 40 45 

Ays my tax S&x Gin Asm Asp Val a'Jy 'S^r Giy Ms Tyr Asp Lea Tyr 
50 SS SO 

As» Leu GIv Glu Pas Asa Gla Lvs 01 y Thr Val Arg Thi Lys Tyr- Sly 
§S 70 7S 89 

Thr .Arct Sar Sin L«« SM Sea Ala lie His Ala L«« hys Asn Ami Gly 
35 90 S3 

Val <31» V&l Tyr Gly Asp Va> V*l Mat; Asn His Lys Sly Gly Ala Asp 
100 105 110 



Ala Thr Giu Asm V&X I»fcu Ala Pal Sh M Ask Pro Asm Asx; Arcs Asn 
115 120 125 

Gin O U. lis Ssr Giy Asp Tyr Thr lie 31u Ala Try Tar Ays phe Asp 



130 



She Pre Gly Arg : Giy Asrs Tnr Tyr gsr Asp j?he tys Trp Arg Trp Tyr 
145 ISO 155 ISO 

His Phe Asp Gly V&l Asp Trp Asp Glh Sar Arcs Gin Hhe Gin Ass Axg 
165 170 175 

lie Tyr Lvs Phs Arg Gly Asp Gly Lys Ala Trp Asp Trp ®ln- ml Asp 
188 185 ISO 

Sar Siu Asn. Gly Asn Tyr Asp Tyr Lau Met Tyr Ais Asp Val Asp mt 

203 



195 



205 



Asp His Hrp Glu V&l Pal AsP ©la Vm. hrg Arg Trp Gly Giu Trp Tyr 

210 21$ 220 

Thr Asn Thr Lea Ptim keii Asp Gly *>he : &ec* lis Asp Ala V&L Ays His 

22B 230 25 5 240 

lis Ays Tyr Ser Pha Sfer Arg Asp Trp Aer Thr His Val Arg Asr> Ais 

24:5 250 255 

Thr Gly Lys Qlxx Met Pke Ala Val Ala Gin Ahe Trp Lys Asn Asp Asa 

260 26S 270 



Gly Ala Lea Qin Asn Tyr Leu AsA Ays Thr Asa Trp Asa His Sar Val 
275 230 285 

Ph« AS© Val Pro hex His Tyr Asn l>eu Tyr Asa Ala Ssr Asr; Sar Sly 

2sb ass 300 



Giy Asn Tvr Asp Met Ala Ays Lea Pea Asa Giy Thr Val Val Glp Lys 
305 310 315 320 

His Pro Jtet His Ala Val Thr The Tai Asp Asn His Asp Sar GIb Pro 

325 33 0 335 

01-/ Slw Gar Lew 01a Ssr Pha Vsi Gin Gix; Trp FAe Ays Pro Leu Ala 
340 -MS 350 



Tvr Ala Tsa Xia Leu Thr Arc; Gin Gin: Gly Tyr Pro Sar Vjjl Vhe Tyr 
3.55 360 3<SS 

Giy Asp Tyr Tyr Giy lie Pro Thr His Ser Val Fro Ala Hsst Ays Ala 



WO 80/29560 



3?0 375 380 

tips lis ASP Pro He Leu. C&ii Ala Arg mm fe« Sh0 Ma Tjrsf Oly Thr 
385 390 335 4 00 

QXa Hiss Asp Tvr Pha Asp His His .Jte Us He Gly Trp Thr Arg GIu 

405 4X0 415 



my Asa Thr Thr His Pro Ash S«sr Gly m& Aia Thr He Mafc Sar Asp 
430 425 430 

Glv Fro Glv Civ Gfti Lyss Tara Met Tyx Val Gly Gla Asa Lyc. Ala Gly 
433 440 44 5 

Gift Val Tro His asp lie Thr <31y As;« Ays Fro aly Thr val Thr lie 
450 * 455 450 

Asa Al« Aso GXv Trp Ala Asa PPe Sftr Val A&a Sly Sly Sksr Val Ser 

4ss ' «?o jns: 4ao 

He Trp val l,ys Arg 
485 

3) XSFOSI^TIW POP, SSQ It) 80s 3 a 

(A) LSHGTH-. 514 amino acids 

{&') TTPS: assino acid 

{£} BTSMSWSM&SB ; sixtgla 

(m topoloqv ; liftear 
Clip M05SCOI ; B TYPB j protein 
51 j ilOrqai-iis{,«: Bacillus scearotharsaaphilws , 
> : . SSOtJBHCS DBSCAiPTlOK ; S3Q 10 3> 

Ma Pre Me Ass. Gly .l&r Met Mafc Oln Tyr the GluTrp Tyr Leu 

a s 10 is 

Pro Asp Ast3 Glv Tax- Trp; Tfer Lys Val Ms Asa S3Iu AU Ask Asa 
20 25 30 

Lau Ser S«r h&v Glv 11a Thr M* hey Trp tea Pro Pro Ala '.Tyr Lys 
35 40 45 

Glv Thr Ser Arc? Sex Asp Val Sly Tyr Gly Vsi Tyr Asp Leu Tyr Asp 
SO 55 60 

h&is Glv GXa Ph« Ash Cla LiVS Glv Ala.: Val Are? Tiir ays Tyr Gly Thr 
,$$ 7:0 * ?5 30 

l.-vs Ala Gin Tyr hen Ola Ala lie Gla Ais Ala His Ala Ala Gly Met: 
85 SO 35 

Gla VAX Tyr Ala Asa Val Val Pha Asp His Lys Gly Qly Ala Asp Oly 
100 505 155 

Thr Oi\3 Trp Val Asp Als Val GXa Val Asa Pro Ser Asp Arg Asa Gin 
115 120 125 

Ola lie Ser Gly Thr Tyr Ola lie Ola Ala Trp Thr Ays; Pha Aap Pbs 
130 135 14 0 

Pro Glv Ara Glv Asa: Shr Tre Ssr Ser Phe hys Trp Arg Trp Tyr His 
145 " ' 150 • 155 100 

Phe Asp Gly VfU Asp Trp Asp Ola Ser Arg Lys ikv Per Arg lis Tyr 
'■%$% rVO 175 

Lys Pha Arg Oly lie Oly Ays Ais Trp Asp : Trp QXa Val Asp Thr Gla 



wo wmm fcri&Knmm 



im im iso 

Ask <slv Asa Tvr Mx> Tyr Leu mt Tyr Ala Asp Ley Asp Mer, &sp His 
1SS 200 205 



pro Glu Vai Vai Tar <siy fea Ws s«r Ttp' Gly Lys Trp Tyr Vai 
210 SIS 226 

Thr Thr Ass lie Asp Sly Fhe Arg torn Asp Als. Vai Lys His lie Lys 
225 23a 235 240 

She Ser Pha S>a.e Pro Aso Trp Leu Sar Asp. Vai Arg Her Gi» Thr Gly 
24 S ' 3S0: 255 

Lys Pro Leu Pfaa Tax Vai Gly. Glu V£|-r Trp Her Tyr Asp lie Ask Lys 

Leu His Asa Tvr He M»c Lys Thr Asa Gly Thr Met S*r Leu fte Asp 
2?S 280 285 

Ala Pro Laii His Asa Lys Ph« Tyr Thr Ala Sfer I>ys Ser Gly Gly Thr 
390 232 300 

Phe A8» mt ftscg Thr Leu Met Thr Asa Thr Leu tt& Lys Asp Gin Pro 
305 - 3X0 315 320: 

Thr Leu Ala vai Tar Pfae V»l Asp Asa His Asp Thr Glu Pro Gly Qln 
325 330 33S 

Ala Leu- Qln Ser Tro Val Asp' Pro Trp Phe; Lys Pro Lea Als, Tyr Ala 
340 m 350 

J»h« He Leu Tar Arg i3Xa Glu Oiy Tyr -fees Cys V«tl Phe Tyr Sly Asp 

3S5- 360 3«S 

Tyr Tyr Sly Xl6 Fro alp- |yr Ass lie Pro Sea L»u Lys 0*r Lys He 

Asp Pro Lea Leu He Ala Arc? Arg Asp Tyr Ala Tyr Gly Thr Qla His 
385 390 3S>5 400 

Asa Tvr Leu Asp His Ser Asp lie H« Sly trp Thr Arg Glu Gly Vai 
405 430 «J5 

Thr <3Iu Lvs Pro Gly Set Gly Leu Ala Ala Leu He Thr Asp Gly Pro 
430 425 430 

Giv Giv ser. Lyb Trp M6t Tyr Vai Gly Lys Gia His Ala Gly Lys Va'l 
435 440 445 

Pha Tyr Ass Leu Thr Gly Asa Arg Ser Asp Thr Vai Thr lie Asa Ser 

Asa Glv Trp Giv Glu Phe Toys ml Asa Gly Gly Ser Vai Ser Vai Trp 
4S& * " 470 475 480 

Vai Pro Arg Lvs Thr Thr Pel Gar Thr Tie Ala Trp S«r He Thr Thr 
~ ' 430 *9S 

Arct Pro Trp Thr Asa Glu Phe Vai Arg Trp Thr Glu Pro Arg Leu Vai 
SOO: SOS: SiO 

Aia Trp 



5 2) I WORMAT 1 GS' FOR SBQ 10 HQ r 4 ; 

(i) SKGUKhCS CRALACTESTSTIG* ; 
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{hi LENGTH ; 483 atfiiae adds: 

( B ) T$ VM •■ ami ao acid: 

(G) STRftKUSmHSgj single 

(Ds topglosT: liwar 

.} HOLHCULK TsTPSf proas ix; 
.i^OraanisKi: Bacillus LiehsuiforisRis 
!.) SEQUSSCS DESCJUPT'.ON; BP.Q 10 MO J 4 ; 

Ala Asa Lea Asii Glv Thr Leu mt Gin Tyr Phe Glu Yrp Tyr Mefc Pro 
a. s 10 is 

Asp Sly Sin His Trp Arg Arg I^ii SJixi Asa Asp Ser AX a Tyr Lee 
20 2:5 30 

Ala Sit) His Giy lie Thr Ala Val Trp lie Pro Pro Ala Tyr Lys 01 y 
35 40 4S 

Thr Ser Gla Ala Asp Val Sly ?yr- Sly Ala Tyr Asp Tyr Asp Lee 
50 SS SO 

Glv (Slit Fh« His Gih Lys Giy Thr W Arg Tisr Lys Tyr Giy Thr Lys 
65 its 75 SO 

Glv Gla Leu Gin Ssr Ala He bys Ser Leu His Ser Arg Asp He Ma 
85 00 95 

Val Tvr Giy Asp Val Val lie Ask .-His Lya Sly Giy Ala .'Asp Ala Thr 
10C 10S 11.0 

Glu Asp Val Tftr Ala Val OL«. M .Mp Pro Ma Asp Arg Asa Arg val 
115 tap 125 

Hut Ser Glv Giu His Leu lie Lys Ala Trp Thr His Pfae His She Pro 
130 13 S 140 

Giy Arg Glv Ser Thr Tye •««» Asp . Phe Lys Trp His Trp Tyr His Phe 
14S 150 155 ISO 

Asp Giy Thr Asp Trp. Asp Six- Sor Afcg Lys Leu Asa Arg lie Tyr: Lys 
Pass Gin Giy Lvs Ala tsp Aao Trp GiU Val Ser Ase Giu Asa GXy Ask 

iso iss im 

Tvr Aso Tvr Leu Xsvt Tyr fcl* Asp lie Asp Tyr Asp His Pro Asp Vai 
" Xi5 200 

Ala Ala <3iu He Lys Arq Trp Giy Thr Tro Tyr Ala Asa Giu Leu Gin 
210 2>S 320 

Leu Asp Glv Pha Arg Leu Asp Ala Val Lys His lie Lys Phe Ser PM 
225 230 2.3.5 240 

Leu Arg Ase Trp Val Asa His Val M Giu Lys Tar Giy Lys Glu Men 
245 .258 355 

Phe Thr val Ala Gle Tvr Tro Gin Asa Ash Leu Giy Ala Leu Glu Asa 
2S0 2SS 270 

Tvr IMu Asa Lvs Thr Ask. Pha Ase His Ser Vai Phe Asp Val Pro Leu 
275 ' 280 205 

His Tvr Gin Phe Hia Ala Ala Ser TLr Gin Giy Giy Giy Tyr Asp Met 
230 2SS 300 

Arq Lvs Lea Leu Ask Giy Thr Vai Val Ssr Lys His Pro Leu Lys Ser 
30S " 310 SXS 320 



wo tmmm 



3,0 



V&l Thr Phe Val Asp mii Sis p&p 'Tfer Gla Pre Oly Gin Sax- Law Glu 
325 330 33 5 

Ser Thr Val Sin Thr Trp Pas Ly» Pro &<su fia Tyr Ala PLe lis tm 
MO 345 3S0 

Thr Arg Glu Ser Gly Tyr Pro Gla Val Pha Tyr Gly Asp Met Tyr Gly 
355 360 365 

Thr Lvs Qlv Ass Ssr Ola Arg Glu lie Pro Ala Las. Lys His Lys XXe 
.370 ' 375 380 

Glu Fro lie I*su Lvs Aia Arq Lys Glu Tyr Aia Tyr Qly Ala Glu His 
15 3 85 330 305 400 

Asp Tyr Fhe Asp His His Asp lie Vai Gly frp <SM Arg Glu Gly Asp 
405 410 « : S 

20 Ser Ser Val Ala. too Ser Gly Lex; Ma Ala Leu jle Thr Asp Gly 3>x© 

420 42S 430 

Gly Glv im Ar« H&t Tyr. Val Sly Arg Gin Asa Ala Gly Gits Thr 
* 435 " 440 445 

Trp His As» He Thr Gly Mn arc*. Ser Gl« Pro Vai Val lie tea Ser 

Glu Glv Trc Glv: Glu Pha His Vai Asa Gly Gly Ser Val Ser lie Tyr 
46S '* - 470 «?S 480 



as 



30 



Val gIh Arg 



35:. m xwrnmnm fgr sbq xdhg; s? 

{:•.) SEQUENCE 

(A) hWmH: 400 atftin© acids 
(8) TYPE: amino acid 
(C} STK&HBEDNBSS; single 
40 (bj TGPQ&bGX : 1 iisear 

{ii} mwcam t^pss protein 
eili) Organise Bacillus amyloliqusfaei«s>s: 
ixi^ SEOOLLCS DSSCSIPTION; SSQ ID SO; S: 



SO 



Val Ash Gly Thr fceu Met Gin Tyr Phfe Glu Trp Tyr Thr Pro Ass Asp 
i S li> IS 

Qlv Gin His Trp Lys .Arg Lea Sixs Asa Asp Aia Glu His Leu Ser Asp 
20 ' 25 30 

tie Glv lis Thr Ala Val Trp lis Pro Pro Ala Tyr Lys Gly Lee. Ser 
35 ' " 40 45 

Gls Ser Asp Asa Gly Tyr Gly Pro Tyr Asp Leu Tyr Asp Leu Gly Glu 
55 50 55 60 

Pha Gia Gin Lvs Glv Thr Val Arg Thr 'Lys- Tyr Gly Thr Lys Ser Gla 
65 * 7tt ' ? S 80 

so Lev Glu Aap Ala lie Gly Ser Lau Bis Ser Arg Asn Val Gin Pal Tyr 

85 90 95 

Glv Val Pal Lea Ass His LPs Ala Gly Ala Asp Aia Thr Glu asp 
100 105 110 

€5 

Val Thr Ma Val Glu Val Ash Pro Ala Asa Arg Ask Gin Glu Tar Ser 
IIS 126 125 
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IB 



30 



40 



55 



Giu Oiu Tvr Qlrx Tie Lvss Ala Trp Thr Ph& M$s ^O S&y Ar 9 

130 OS 140 

Glv Asa Thr Tyr S«r Asp Mm *>ys Trp His Trp Tyr His 3?h.e Asp Gly 

145 tSO 1SS ISO 

Ala Asp Tro Asr al\J S«r W# Lys lie Set: Arc? He Phe Pys Pha Arg 

MS 170 US 

nlv Sltt Sly E»ys Ala Trp &«3p Trp QSa Val «&* Ser Giu Asn Sly As'a 

180 135 : 1*0 



Tyr As» Tyr Leu Met Tyr &is tep Val Asp Tyr Asp His Pro Asp V«i 
i« ' 19 S 200 205 

Val Ala 01« Thr Lys Lya Trp Sly lie Trp Tyr Ala Asn Glw L«« Se? 
210 2 IS 220 

SO Xiieu Asp My ?fc« Ar« ila Asp Ala Ala Lys Sis lie Lys Phe Ser Php 

225 "' 230 ?3:S 240 

hesu Arq Asp Tro V41 Ola Ala Val Arg Gin Ala Thr Sly Lya Gl» Mat 
245 350 2SS 

25 

Pha- Thr Val Ala sSlti -Tf* Tr» Gin Ass Ash Ala Gly 'i»ys Lev Giu Asn 
260 2S5 S?0 

Val Sirs Y-eu 



Tyr Leu Asa Lys Thr Ssr Fhe Ask G.l:a Ser Val Phe Asp 
2?S 280 285 

His Phe ask. ce» Gl» Ala Ala: S«r 8ei Gin sly Gly Gly Tyr Asp mi 
230 3S5 300 

■to Axg last* Leu ASp Sly Thr Val. Val Ser Arg His Pro SXxi hy& Ala 
305 ; 310 320 

val Thr ph« Val Giu Ass «ia Asp Thr Giu Pro Gly ala ser Lsu Giu 
325 330 232 

S«3f Thr Val ©18 Thr Tr» Pha X»y*s Pro i*aa Ala Tyr Ala Pbe lie Leu 
340 345 3 SO 



Thr Arq Glh Ser Sly Tyr Pro Gift Val She Tyr Gly Asp Mas Tyr Gly 
4S ~ 3SS: 3S0 355 

Thr Lvfs Olv Thr Ssr Pro hys Slu lis Pro Ser Lea Lys Asp Ask lie 
370 .375 380 

SO Giu Pro lis Leu Lys Ala Am Lys Giu Tyr Ala Tyr .Gly Pro Giu His 

385 398 33S 400 



Aon Tyr lie Asp His Pro Asp Val Tie Sly Trp Thr Avq Si a Gly Asp 
405 410 415 

Per Bar Ala Ala hys Ser Gly ^ Ala Ala Leu lie Thr Asp Gly Pro 
420 425 4 30 

Gly Olv Sor Lys Arq Hot. Tyr Ala Gly Mu Tys Ass Ala Gly Glti Thr 
SO ' 433 * 440 445 

Tro Tyr Am Ho Thr Gly Ash Arq Sor Asp Thr Val Lys; lie Gly Ser 
450 " 4SS 460 

05 Asp Glv Tro Glv Gla Phe His Val Ask Asp Gly 8er Val Ser lie Tyr 

465 ' 4:70 475 480 
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(2 ) FOR SEQ ID NO; <S ; 

U) SEQUENCE CmSACTS-RISTXCS; 

485 atfiipo aciida 



40 



TYPE; amiACf acid 



g 

iC) S*rSMX5SOSSSS« single: 
{D ■ TQPOLOG Y i 1 irs«»r 
• L KOL8CGLB TYPE; pmteisa 
;iii) Organise; Bacillus ,s£> 
ixiy ' sEQoracs description: sao id m : s< 

His His Asa Sly Thr Asa Sly =£hr- Ket Met Qln Tyr Phe Glu f rp Tyi: 
1 5 10 IS 

Leu Pro ftsn A*s» Gly Mti His Tr* Asa Arg imi Mix Ser Asp Ala Ser 
20 25: 30 



20 ask L«« Lvs Ser Lvs Gly de Thr M& \%I Trp lis Pro Pro A.U Trp 

3S 40 43 

Lvs Gly Ala Ssr 51a Asm Asp Val Gly Tyr Gly Ala Tyr Asp Lsu Tyr 

SO SS 60 

25 

Asp Leu Sly Glv Pk& Asn ©in Lys Sly Thr Val Arg: Thr hys Tyr Gly 
S5 70 75 30 

Thr Arg Ser Si» t©u oin Ala Ala Val Thr Sar teu feys Ask Ask (jly 

IM Sla val tyr Sly Asp Val yal *fet Asa His hy* Oly Gly Als Asp 
xoo ios xio 

35 Ale Thr Glxt Met tfsl Ara &X« Val Glu Val Ass Pre Asn Asa Arg Asp 

115 130 125 

Sis Glu Vai Thr Gly Slxs Tyr Thr lie Glu Ala Trp Thr Arg Pb.f. Asp 



130 135 140 

K&* Pro Gly M$ 0:.v Asa Thr Kis Ser Ser She Lys Trp Arg Trp 
145 ISO ISS 'i 



His Phe Asa Gly Vai Asp Tro Asp Ola Ser Arq Arg Lew Asa Asa Arg 

45 " ' I** 170 17S 

II* Tyr I<ys Pas Arg Giy His Gly Ays AS a Trp Asp Tap Glu Vai Asa 

180 185 ISO 



SS Thr Glu ASH. Gly Asa Tyr Asp Tyr a®U: Mat Tyr Ala Asa lie Asp M«t 

1S5 ' 200 205 

Asp His Pro Gia Val Val Asa Glu Lea Arg Asa Trp Gly Val Trp Tyr 
210 215 220 

55 

Thr Asa Thr Xi«V Gly l*iu Asp GXy Phe mg- Tie Asp Ala Vai Lys His 

2,2 5 338 23$ 240 

v;. c ■,-.-z Tvr Set Phe Tar Ara Asp Trp lite Asa Hiss Val Arg Ser Ala 
g 0 ' " ' 245: " 250 255 

Thr Giv Lvs Asa Met »fce Ala Val Ala Glu Phe Trp Lys Asa Asp hen 
* * 260 2S5 270 

alt Ala Tie Gi.u Asa Tyr l.eu Gla 1/ys Thr Asa Trp Asa His Ser Vsl 
275 2m 285 



jfce kso Val Pro .L«u His Ty*. M •!*&£ Tvr Isn Ma Ssr hys Ser Sly 

235 300 

Sly Asm Tyr Asp Met A$g *8» lie Phe -^m Oly Thr Vai Vsl Gin Arg 

His Fro Ser His Ala Val Thr Bte- W*. mp. Asa Hie Asp Ser «ln Pro 

32S 3.3 o: 335 

SlU Glu Ala hmi Glu 'S«.r Phs Val XSthz Glu Trp Phe Lys Pro X»su Ala 

Tyr Ai® Lew Thr &eu Tfcr Arg Glu Glr. Gly Tyr Pro Ser Vai Ph« T/X 
355 380 3SS 

Gly As» Tyr Tvr G1V lis Pro Thr His Sly Val Pro Ala Mat Arg Ser 
370 37S 380 

Lvs lie Asp Pro lie Leu .Glu Ala Arg Gin Lys Tyr Ala Tyr Oly Lys 
3SS 3 90 335 400 

Gin Aen Asp Tyr i,sa Asp Bis His Ass He iXe- Oly Trp ThJ; Asg Ola 

40S 410 415 

Gly Ask Thr AX* His Prp Ser Gly i^u Ala Thr lie Mat Sar Asp 

42S 430 



Oly Ala Glv Oly Ser lys Trp Mat Phe Val Gly Ar§s Asr. Lys Ala 0.1 y 

Gin Val Trts feer Asp -tie ifcx Gly Asa Arg Thr: G.ly Thr Val Thr He 
450 * 425 M0 

Asm Ala AKp Sly Trp Oly Ash Ph& Ser Val Asr. Gly Oly Ser Val Ser 
4SB 470 47S 480 

•II* :Ttt> Val Ash LyS 
485 

.tKFOBMATIQS FOE SB<3 X» »v 7 ; 
(i) SEQUENCE CRAPACTBSXSTICS : 

(A! l).r3xfi'TS ; 48S amino acids? 

<£.) -Tsreg/t assist© acia 

{C} STPAS3PSDWSSS singls 

{£5} TOPOLOGY: linear- 
(ii; MOLECOL8 OTi protein 
{iii} Organism* Bacillus sp. 
tint) SBQVmCB DESCRIPTION S180 ID NO: ?; 

His His Asm Oly Thr Ask Gly TOr mt Met Gin Tyr Phe Glu Trp Tyr 
1 5 10 is 

Ley Pro Asm Asp Oly Asa His Trp Asr Arg Keu Arg Asp Asp Ala. Ala 
20 25 30 

Asia Leu Lvss Ser Lys Gly He Thr Ala Val Trp lie Pro Pro Ala Trp 
35 40 45 

Lvs Glv Thr Ser Glu Asa Asp Val Gly: Tyr Gly Ala Tyr Asp Lou Tyr 
' SO SS 6 0 

Aso Gly Glu Ph« Asm Gin Lye Gly Thr val Arg Thr Lys Tys Gly 
SS ?0 ?B 30 

Th>- Arq Asa GLa L-eu Sift Ala Ala Val Thr Ser heu Lys Asn Asa Gly 
" ' 85 SO PS 



11 



lis Gin Val Tvr Sly Asp Val Val Met Asn Km Lys Gly Gly Ma Asp 
100 10S 110 

OH'V Thr Glu lie Val Asa Ala Val Sin Val ash Arg S3 ar Asm Axg Asa 
11B 120 125 

Si» 3X« Thr Ser Gly GI« Tyr Ala lis: Ala Trp Thr Lys Phe Asp 
130 135 140 

Pha Pro Giv ACQ Sly Asa Asa His Ser Sar Pha hys Trp Arg Trp Tyr 
145 ISO 155 ISO 

His Pha Aso Gly Thr Ast> Trp Asp Gin Ser Arg Glr; Lea Qln Asa Lya 
165 170 

lie Tyr Lvs Ph« Arg Gly Thr Giv hys Ala. Trp Asp Trp Giu ml Asp 
ISO 185 190 

Thr <3lu Asn Sly Asa Tyr Asp Tyr Met; Tyr Ala Asp Val Asp Mat 
135 200 205 

Asp His Pro Glu Val lie His OIu l»»u Arg Ass Trp Gly Val Trp Tyr 
SIS 21$ 220 

Thr Asa Thr Leu Asa Leu As». <5iy Arg lie Asp his Val Lys His 
225 23 & 235 240 

Tie Lvs Tyr Ser Ph« Thr Arg Asp Trp :hea Tirr His Val Arg Asa. Thr 
245 250 2SS 

Thr Gly Lys Pro Met 'Sfee Ala Vsl Ala S3iu Pha Trp Lys Assa Asp Leu 
260 2SS 270 

Gly Ala lie Glu Asa Tyr Lau Assays .me Ser Trp Asa His Sar Vai 
27S 288 285 

P'he Asp Val 1*0 key His Tyr Asa &eii tyt Asm- Ala Ser Asa ser Gly 
290 2SS 3 00 

Gly Tyr Tvr Asp Met Arg Asa He hau Aaa Gly Sax Val Val Ola I*ys 
3 OS 310 315 320 

His Pro Thr his Ala Val Thr Pas Val Aso Asa His Asp Ser Glr; Pro 
325 33 <! 33 5 

Glv Glu Ala fceu Glu Ser Phe Val Gin Gir; Trp Phe Lys Pro her Ala 
340 34S 3SS 

Tvr Ala imx Val Lay Thr Arg Glu Ola Sly Tyr Pro Ser Val Pha Tyr 
3SS 3*50 

Giv Asp Tvr Tyr Gly lis Pro Thr' His Gly Val Mo Ala Mas fcys Sar 
* 370 " ' 375 330 

hvs He Asp Pro Leu i«« Ola Ala Arg Gin Thr Phe Ala Tyr Gly Thr 
.385 3 50 335 400 

Glr; His Asa Tvr Phe. Asp His Kia Asp lie Tie Gly Trp Thr Arg Gla 
405 416 415 

Giv Aan Ser Ser Mis Pro Asa Ser Sly lieu Ala Thr He Hat Ser Asp 
420 «5 430 

Giv Pro Giv Gly Asa X.vs Trp Met Tyr Val Gly hys Aa« hy® Ala Gly 
435 440 44$ 

31a Val Trp Arg Asp Ha Thr Sly Asa Arg Thr Gly Thr Val Thr lie 



WO 



450 455 460 

Asm Alz &ssp GXv Tro Sly Asia She Ser Val Asa Sly Sly Ser Val Ssr 
4£S 4?0 475 4S& 

Val Trp. Val hys Gls 
485 

(2) INFORMATION FOR SEQ IB HO: :S ; 

{i> SHQUBSCB CHAHACTKSISTXCS ; 

(Aj L.SMGTH: 485 aSBiBO: aclas 
(8) TYHSs ssiiao field 
(C5 STBASDSDKSSS ; singls 
{D5 TOKOLOGY; Xitte&£ 
til? MOLSCOTjE TYPE; proteia 
fill 5 Organism; pacdllws sp. 
iri} SE0USI?CS DESCRIPTION; SSQ ID HO: 8f 

His His Asxi: Glv Thr to -Sly Thr M«t Mat 01a %r She Giu Trp Sis 
1 S 10 15 

Leu Pro Asm Asp Giy Asa His Trp Ass m% fceu Axg Asp. Assp Ala S«r 
20 25 30 

Asa Lex) &r<t Asa Arc; Giy lis Thr Ala lie 'TS$ 'XXg Pro Pro Ala Trp 
35 40 45 

&ya Qlv Thr Sex GX» Asa Asp Val Sly Syr Sly Ma tyr Asp Sea % 
SO' SS 60 

Asp Leu Giy Ola Wm Asa Slxi Lys 0Xy Thr t*l Arg Thr ays : fyr GXy 
65 70 ?S 80 

Thr Ar« Sex Ola X>eh Gia Ser Ale lie His Ala X*u Ays Ask to Sly 
85 SO 95 

mi Qln V&l Tyr Giy Asp Wl %1 »©fc to His Lys CXy Giy Ala to 
100 AOS 3UtO 

Ala Thx <3Xu Asa val Isei* Ale Val Gla Val .to. Pro to Asa Arg Asa 
115 120 125 

Gla Glu lie Sex GXv Asp Tyr Thr lie <3Xu Ala Trp Thr Ays Ph.n Asp 
130 " 135 140 

Pile *r© Giy Arg Sly Asa Thr Tyr Her Asp Pa® KyS Trp Arg Trp Tyr 
145 " 150 IBS ISO 

His Fas Astj Giy Val Asp Trp Asp Ola Ser Arg Ola Phe GXr. Asa Arg 
1«5 170 l'?5 

lie Tyr hys Phs Arg Sly Asp OXy Ays Ala Trp Asp Trp SXu Val Asp 
~ 180 ' 1SS 3.95 

Ss'r Ol-u Asa Giy Asa Tyr Asp Tyr Lea Met Tyr Ala Asp Val Asp mt 
105 * 250 305 

to. Hiss Fro Ola Val Val Asa Sla m* Arg Arg Trp Sly Glu Trp Tyr 
3152 215 220 



Thr Asa Thr tea Asa £su Asp Giy Phe Arg iXa Asp Ala Val tys His 
225 230 ms 2*0 

lie Lvs Tyr S«r Phe Thr Ar«j Asp Tra ass Thr His Val Arg Asa Ala 
245 250 255 

Thr Giy ays Glu Met Phe Ala Val Ala Gla Pha Trp ays Asa Asp aea 
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260 2«5 270 

Gly Ala L*« Glu Asn Tyr Lea Aim: Lys Thr &sn Trjs Asa His Sex Oal 
375 280 285 

5 

s?ha aso Val Pro Las* His Tyr &s» Leu Sr Asa Ma Ser Asm Ser Gly 
2.90 285 300 

Gly Asa Tvr Ast> Met Ala Lys Lea &aii Asa Gly Thr Val Val S.In Lys; 
X0 305 310 V!IS 320 

His Fro Met His ftl* Val Thr Pha Val Asp Ask Mis Asp Ser Ola Pro 
325 330 3 35 

13 Sly Glu Ssr Ley Ola S&r Phe v'a.1 -din Giu Trp Phe I*y« Pro Leu Ala 

34 0 345 .3 SO 

Tvr Ala Lew II® Leu Thr Arq Glu Qln Qly Tyr Pro Ser Val She Tyr 
355 350 3SS 

Gly Asp Tyr Tvr Sly XI© Pro Thr His Sar Val Pro Ala Met Xys Ala 
37i2 3?5 380 

Lys lie Ais» Pro lis £eu Glu Ala Arg Gin Asa She Ala Tyr Gly Thr 
25 385 390 323 400 

Gin His Asp Tyr Phe Asp Hi* His Asa lie Gly Trp thr Arg Glu 
4 OS 410 415 



30 



25 



Gly Asn Thr Thr His Pro Asa Sar Gly Lass Ala Thr lie mt Ser Asp 
420 425 430 

Gly Pro Gly Gly Glu Lys Trp Met Tyr Vsl Sly Gliv Asm Lys Ala Gly 
435 440 445 

Ola val Tip- His Asp Xle Thr Sly Asa &ys Pro Gly Thr va l Thr lis 
4S0 455 460 



Asn Ala Asp Glv Trp Ala Asia Ph* Ser Val Asp Gly Gly Ser Val Ser 
4 0 465 : 4?0 475 430 

lis Trp Val Lys jr| 

45 {2 5 X3SF0RMAT1OH FOR SEQ ID HG: Si 
ii) SSQGSNCB CHASACTSRISTlCSf 

(A) LENGTH; 145S 'base pairs 
£B) TXPB-: nucleic aaid 
iC> STSAHB1DK.ESS single 
SO tfc-J TOPQ&QGX* linear 

■ill MOSSCGLB TYPBi DK& (ewassmdc) 

(iU5 0raa»ism s Bacillus sp, 

i:xi) SEgUB^CS DESCRIPTION SHQ ID NO; S; 

55 CATCATAATG GAACAAATGG TftCXATGATO CAATATXTCO AATGGTATTT GCCAAATGAC SO 

GGCAATCAXT GCiAACAGGTT GAGGGSTGAG GC&GCTAAGT tMW» AGGGATAACA 120 

QCTOTATGGA TCCC&GCTGC ATGOAAGGGG ACTTCCCAGA ATGATSXAGG TTATGGAGCC 180 

60 

TATOATTTAT ATGATCTTGG AGAGTTTAAG CAGAAGGGGA CGG'TTCGTAG &&A&T&.TOGA 340 

ACACGCAACC AGCTACAOOC TGCGOT3ACC TCTTTA&&&A ATAACGGGAT TCAGGTATAT 300 

55 GGTGATGTGS TG&TGAATGA TAAAGG'TGGA GGAGATSGTA GGGAAATTQT AAATGCGGT& 3 50 

GAAGTGAATC GGAOCAACCG A&&.CC&GGAA ACCTCAGGAG AGT&TGGA&.T AGAAGCQTGG 420 



wo mrnmi ^cfmmwamn 



hCM^msTtQ ATTTSccsm ^mzmm? m^stcck smrmmm gcggtggta? *m 

CATfrrO&TG GGACAGATTG GGATCA3TCA CS3CCM;crrc AA^C&fc&AT ATATAAATTC 540 

AGGGGAACAG GGAAGGCCTG GGACTCGGAA GTGGSTACAG AGAATGSOAA CTAOXjACTAT 800 

CTTIvTOTATG CAGACGTGGA TATGG^CAC COAGAAGXAA mCA-TSAACT TAO&A^CTOG 660 

10 GGAGTGTGG? &TAO<5RA?&<C ACTGAAECT? GAGTiGATTTA G^AGATGC AGTGAAACA? 720 

ATAAAATATA GCTTTACXSAG AGATTQGCT? ACACATSTGC GTAAG&GGM; AGGTAAACCA 780 

A0X3TTTGCAG TGQ CTGASTT TOMSMT GAGCTTGGTG GA^TTGAAA& C^ATTTOAAT 84 0 

IS 

AAAACAAGrr GGAATCACTC S<3TSTTTG*f GTTCCfTC a&C ACTATAATTT OTAC^-GCA $00 

TCTAATAGGG <3TGGTTAT*A TGATATOAGA AATATTTTAA AKiGTTCTGT GGTOCAAAA- 960 

20 CSVrCC^ACAC ATOCCOTTAC TTTTQTTGAT AM?GATG$£F¥ CTCi^C^CGG GGAAGCATTG 1020 

GAATCCTTTO TTGAACAATG GTTTAAACCA CTTGGAXM'G CATTGGTTCT GACMS30GAA 1:080 

CAAGGTTATC eTTCCGTATT TTATGGGGAT TACI^SSm TCCCAACCC& tGGSG^CCS 1.14 0 

20 

GCTATGA£:AT CTSSAATAGA CCCTCTTCTG .CftfiGCSWSSXC AAA€TtTm^ CXATGCs'TACG 1200 

CAGCATGATT ACTTTGATC®. T®m&MAT? JO^lSmmih CAAGAGAGGO AAATAGCTSC 1360 

SO CKTGCAAATt GA^GCCTTGC CACCM'TATG XC&GATGGTC GSSGJGG^ CAAATGGATG 1320 

TATGTGGG9A AAAATAAAGC GG(3AC^AGTT' TGG&GAGATA TTACCGGAAA TAGGACAGGC 138'6 

ACCGTCAGAA TTAATOCAG& CGGATGGGGT AAX^TCTCTG TTA&TGGAGG GTCCCTTTCG 1440 

35 

GTICGGGrOiA AGCAA 1453 

!3> I^OSf'tATIGSf FGR ID ISOi 10; 

(i) SEOSSSCE CHARACTERISTICS: 
40 (A) LENGTH: 1455 base pairs 

(s! TYPE: nucleus- scM 
(Ci STSMfOEOHESS s sir-gla 
(O) TOPOLOG?; iifsear 
fii; MOLfiGGLE TYPE; DJSA {gsnOB&cX 

45 Ciii) Organisffif Bacillus sj>. 

Cxi; SEQUENCE ESSCSXPTIOKr SSQ HGi 10: 

CATCATAATG GG&CmAATGG CMimEm?& CAftTACTTTG AATQGCACTT GCCTAATGAT 00 

50 GQGAATCACT GGA&TAG&TT AASAGATGAT GCTAGTSATC TA&GAAATAG AGGTATAACC 120 

GCTATTTGGA TTCCGCCTGC CTQGAAAGGG ACXTCGOAAA ATGATGTGGG GTATGGAGCC ISO 

TATGATCTTT ATGATTTAGS GGAJVTTTAAT GSAAAGSGGA CGGTTCGTAG TAAGTATGGG 240 

S5 

ACACG'TAGTG Ai^OTGGAGTC TSCCAECCAT GGTTTAAAGA ATAATGGCGT TCAAGT.TTAT 300 

GGGGATGTAG T3ATGA&CCA TAAACK3AGG& GCrG ATGGTA CAGAAAACGT TCTTGCTGTG 360 

50 GAGGTGSATC CAAATAACCG GAATGAAGAR ATAXGTOGGG ACX&CACAAT TGAGGCTTGG 420 

AGTAAGTTTG AlTTTCCAGG GAGGGSXSAT AGATACTGAG ACTTTAAATG QCGTTGGTAT 4 SO 

CAT'T'TCGATG GTCTAC^xTG GGATGAATGA CGAGAATTGC .AAAATCGTAT CTACAAATTC 540 

OS 

CGAGGTGATG GXSAGGCATG GGATTGGGAA STAGATrCGCS A&AATGGAAA TTATGATTAT 600 



is 

TTMTQTATG CA<WtmAQh TATOGArGA? CCG<W3Q3^S tft^-SSAfiCT raaNtGMTOG 660 

QQAamroGT mzai&m&c hrszmixm Qm&mrrsA <m$&m®c ■mmm^s no 

S. &TTA&AT&TA OOTCTACACO amTTGG?TG &<SX&WA& GAAAepm^C GGGAAARGAA 730 

ATGTT^GGTG T'X'G CTGAATT ' GS-TO^TG OCTTGSAG&& CTATXTA&A? 840 

AAA&O&AACT TSTGTTTGSAT GTGSCGCTTC A^ATAATCT TTATAACGCG $06 

if 

TCAA&TAGTG GAGGGAACTA TGACATGGGA AA&CiTCTTA ATGGAACGGT TGTTC&A&AO 9.6' S 

CATCCAATGC ATGCCGT&AG TTTTGTGGAT A^TGAGGAT'S; CTGAACO<rOO OGAATC&tfSS. 1020 

15 GA&TGAATTG TAGAAGAATG GTTTAAOCOA CWSC?m.l5S GGCTTATTTX' AAGAAGAGAA 3. 0S-) 

CAAGGCTATC CCTCTOTCTT GTATGGTG&C TACTATOGAA TTCCAAe&CA TOWS«tt 114.?} 

gca%tgassAo ccaagattga tcc&atotta gagogocgtc jyaUOTt!fisc atatgga&ca xsoo 

CAACATGATT ATTTTGACCA TCATAATATA ATGGGATGGA CAGGTGASGO AAAXACCACG 12«Q 
C&TCCOSAST CAGGACTTGC GACTATCATG TCGGATOGGC CAGGGGOAGA QAAATGGATG 

2S YACGTAGGGC AA&ATAAAGC AGGTCAi^GTT TGGC&TGACA T&&CTGGAAA TAMCCAOGA 1380 

ACAGTTAGGA TCAATGCAGA ''PG'SATGGGCT AATTT^CAS TAAATGGAGG ATCTGTTTCC 1446: 

Axsmsonm. aacqa 'X455 

30 

(2:5 IHFOEm.'TIOK FOR SW& W MO; IX: 
Vi) SSQUKSCB CH'ARACTSSXSTiqS 

(A) LENGTH; XS4.8 base pairs 
3S |S} TYFS; nucleic 'accia 

SO STKAN.DE.OiSHSS i SitKjls 
{&} TOPOXiOGY; Xisear 
(id.) MDLSCULS Ti'PS!- S» {geno«$c;3 
5Xii|Oi:^Ssiism; Bacillus «t<saroubermophi iuss 
40 (xii SEQUENCE Bg$cRi^?io&; SSQ XJ> SO: XX; 

©GCGCACCdT CTAAGGGC&C CATSATGCAG TA^TTtOAAX .Q&8M&$Q^ SGATGATGOC 60 

ACGrtagjooA ccaaagtggc ca-atqaagcc aagaactxat ccAGCGTrGG caxgaccggt 128 

CTTT'GGDTGC COCCCGCTTA GAAftGGAACA ftOCCGGAGCG ACGTAGGGTA CGGAGXATAC 180 

memSTkTG AOCTCGGt&A ATTCAATGAA mtmrncm ^CCGCAGAAA &TAC0OAACA S4S 

50 AAAGGTCAAT ATCTTCAAGC CATXGA&GGG OGCC&OSCCG CTGOAATGCA AGTOTACGCC 300 

OA1X3TCGTGT TCSSdCWI AGQCmmm QACGGCAGGG AATGGGTGGA CGGCGTCGAA 360 

GTCAATCCGT CCGACCGCAA CC^GAAATO TCGQGCACG? ATCAAAXCCA AOCATGG&CG 430 

AAATTTGATT TTCCCGOSCQ GGGGAAGACG XA^rCCAGGT 'TTAAGTGGCC5: CTGGXACCAT 4S0 

TTTGACGGCG TTGATTGGGA CQAAAGCCGA AAACTGAGGC OCATTTACAA ATTCCGCGGC 64 0 

60 AXCGGCAAAG CGTGGGATTG GOAAGTAGAC AGGGA&AACG GAAACTATGA CTACTTAATO 600 

TATGCCGACG TTGATATGGA TGATCGGGAA GTGGTG AGGG AGCTGAAAAA CTGGGGGAAA S60 

TGGTATGTCA ACAGAACGAA CATTGATOdG TTCOGGG3*TG ATS3CGGIGAA GCATATTAAG 720 

65 

rvcmrrr-rr TtccrGJOTG gttg^ggtat gtoggStctg ag^ctogcaa gccgctattt ?so 



16 



fcCCSTO3GC<3 mShl$Q8m eTATGsCATC AACAASTTOC MAHKiS wL<mmf$&. 
QMXSQkA<X&. TGTCTCTGTT TGArGGCCCG fTMMS&Vh m&STtkr&C CGCTTCCAAA 
5 TCAGGGGGCG CATTTGATAT OCStSCOTi ATSAGG&ATA CTGTCATG&& ASMTCAfcCOS 
ACATTOGGCG TCACCTTCGT l^A3S$q&3? G&CAGGGA&e GGGQCGAAGC GCTGCAGTCA 
TGSGTCGACC CMTiGTTCAA ACCGl^SGCT TAT^CCITTA TTCTAA^TCG GCAGGAAGGA 





TACCCGTGCG TCTTTTATGG TOSftgf&TT&T 


GGCATTCCAC 


AATATA.&CAT 


TCCTTCGCTG 




AAAAGCAA&A 


TCQATCCGCT 


eCTGATCGCG 


CGCAGGGATC 


ATGCTTACGKS AACGCAACAT 


is 


GATTATGTTG 


ATCACTGCSA 


C&TC&TCGcGG 


TGGACAAGGG 


AAGGGGGG&G 


TGAAAAACCA 




g&%Tccggac 


TGGGCCCACT 


GA^ACCGAT 


GGGGGGCG-AG 


GAAGGMATG 


GATGTACGTT 


30 


GGO&AACAAC 


ACGCTGGAAA 




GACCTT&CCG 


GCA&CCGGAQ 


TGACACCGTC 


agcatcaaca gtgatggatg 


GGGGSAATTC 




GC0CTTCG{3T 


TTCGGTTTGG 






A6ACGACCG? 




GCTGGGGCGA 


TCACAACCCG AGCGTGGACT 


S-5 




TCCGT7GGAC 


CGAACCACGG 


TTGGTGGCAT 


SGGCTX : GA 





(2) XMF0.8MAT10H FOR SBQ 10 KO; JZt 
Ui SEQCSHCS CHASACTS8XST1CS; 

(A) LSSGTH ; 1M0 base pairs 
m) niicieic acid 

!C) Sl'jy»mm)8BSS j single 
(D3 TOPOiUXSY; linear 
(ii) NOLECGItE TYPE ; IMA (genomic) 



{8} L0CATI0Kr4fl.^lB?2 
ixi) S8QUBJ5CE tm®LiV**mi SSQ ID HO: 12; 

m 

CGGAAGATTG GAAG^AAA AATAAGCAAA AGATTGTCAA TCATGTCATG AGCCATGCGG 
GAGACGGAAA AATCOTCTTA ATGCACGATA 1TTATG0AAC GTTCG " AGAT G C'TGCTC A AG 
45 AGATTATTAA AAAGCTGAAA GCAAAAGGCT Al'GAATTGGT AACTGTATCT CAGCTTGAAG 

mmmm. ggagagaggc ?&rmimM>- atgagtao^a gccccatatc ggcggttttc 

TTTTGGAAGA AAATATAGGG AAAATGGTAG ^TtMAaA TTCGGAATAT TTATACAACA 
TCATATGTTT CACATTGAAA GGGGAGGAGA ATCATGAAAC AACAAAAACG GCTTTACGCC 
CGATTGCTQA CGCT1TTTATT TGGGCTGATC f&Pt&S&QQ CTCATTCTGC AGCAGCGGCO 



.55 GCA AAT CTT AAT GGG ACS CTG AT Q CAG TAT TTT GAA TGG TAG AT8- CCC 
AAT GAC GCC GAA CAT TGG AGG CGT TTG GAA AAC GAG TCG GCA TAT TTG 
GOT GAA GAC GGT ATT ACT GCC GTG TGG ATT CCC CCG GCA TAT AAG GGA 

SO 

ACG AGG CAA GCG GAT GTG GGC 'TAG GGT GOT TAG GAG CTT TAT GAT TTA 
GGG GAG TTT CAT CAA AAA GGG ACG GTT GGG AGA AAG TAG GCC AGA AAA 
SS GGA GAG CTG CAA TCT GCG ATC AAA AGT GTT CAT TGG GGC GAC ATT AAC 
GTT TAG GGG GAT GTG GTG ATG AAG CAC AAA GGG GGC GCT GAT GCG AGG 



84 0 

960 
1020 
1080 
XIAO 
1200 

12 €0 
1320 

13 SO 

14 4.0 
1500 
1548 



SO 
120 
180 
240 
S00 
360 
410 
4558 
SIS 
564 
612 

sso 

70S 
756 
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OftA 


GAT 


GTA ACC GCG 


GTT 


GAA GTC GAT CCC GOT 


GAC CGC AAC CGC CTA 


804 




ATT 




OGA GAA CAC CTA 


ATT AAA CCC TGG ACA. 


CAT TTT CAT TTT CCG 


852 




GGG 


cm 


GGC JW3C ACA TAC 


AGO GAT TTT AAA TGG 


CAT: TGG TAC CAT TTT 


500 




®C 


GCA 


ACC OAT TGG 


GAC 


GAG TCC COA AAG CTG 


AAC CGC ATC TAT AAG 


m 


10 


TTT 


CAA 


GGA AAG GOT 


TGG 


GAT TGG GAA GTT TCC 


AAT CAA AAC GCC AAC 


,93.5 




TAT 


GST 


TAT TTG ATG 


TAT 


GCC GAC ATC GAT TAT 


GAC CAT CGT GAT GTC 


1S44 


is 


OCA 


OCA 


GAA ATT .AAG 


AOA 


TOG GGG ACT TGG TAT 


GCC AAT CAA CTG CAA 


1033 


TIG 


CAC 


CCT TTC CGT 


GTT 


GAT OCT GTC AAA CAC 


ATT AAA TTT TCT TTT 


1140 




TTG 


CGO 


GAT TGG GTT 


AAT 


CAT CTC AGG GAA AAA 


ACG GGG AAG GAA ATG 


1188 




TTT 


ACG 


GTA OCT GAA 


TAT 


TGG CAG AAT GAC TTG 


GGC GCC CTG GAA AAC 






TAT 


TTG 


AAC AAA ACA 


AAT 


TTT AAT CAT TCA GTG 


TTT GAC GTG GCG GTT 


1384 




CAT 


TAT 


CAC TTC CAT 


GGT 


GCA TCG ACA CAC GGA 


GCC GGC TAT GAT ATG 


1332 


as 


AGS 


ASA 


TTG GTS AAC 


OCT 


ACG Qm GTT TCC AAG 


CAT CCG TTG AAA TCG 


iisti 




CTT 


ACA 


TTT GTC GAT 


AAC 


CAT GAT ACA CAG CCG 


GGG. CAA TCG CTT CAC 


14.2$ 


30 


<rco 


AST 


GTC CAA ACA 


TGG 


TTT AAG CCC CTT OCT 


TAG OCT TTT ATT CTC 






ACA 


AGO 


QAA TCT OCA 




CCT CAG GTT TTC TAC 


COG: GAT ATC TAC GGG 


.1524 




ACS 


?sAA 


GGA GAG TCC 


CAG 


mc GAA ATT CCT GCC: 


TTC AAA CAC AAA ATT 


1ST2 


GAA 


GGG 


ATG TTA M 


CCS 


AGA AAA CAG TAT GCG 


TAC CCA GCA CAG CAT 


162 a 




GAT 


TAT: 


TTC CAC CAC 


GAT 


GAC ATT GTC GGC TCC 


ACA ACC GAA GGC GAC 


IS SB 


40 


AGC 


TCS- 


GTT OCA AAT 


TCA 


OCT' TTG GCG CCA TTA 


ATA ACA GAG GGA CCC 


rns 




GGT 


GGG 


GCA AAG CCA 


ATG 


TAT GTC GGC CGC CAA 


AAC GCC GGT CAG ACA 


ITS 4 


4S 


TCG 


CAT 


CAC ATT ACC 


CCA 


AAC CGT TCG GAC CCG 


GTT GTC ATC AAT TCG 


I31S 


GAA 


GGC 


TOO GCA GAG 


TTT 


CAC GTA AAC GGG CGQ 


TGG GTT TCA ATT TAT 


I860 




GTT 


CAA 


ACA TAG AAGAGCAOAG AGGACGGATT TCCTGAASGA AATCCGTTTT 


1512 


SO 


TTTATTTT 








1$Z& 



(2) INFOSS-tA.TT.ON FOa SBQ IT NO: 13: 
53 U; SGQCBKCC CHARACTERISTICS 

(A) LENGTH ; 1458 'base; pairs 
is) TTPE: nuclei? acid' 
(C) GTRAHGTiDNSSS; s I ng 1 a 
(13} TOPOAOGT -. i ir;«ar 
60 (il) $S0LSCU!<3 TTPE; DKA (geHdmiSi 

(ill) Organism; Sac:iIMs5 sp, 
{Xii m$m%® OSSCRIPTIOi?; 852$ XD SO; 13: 

CATCATAATG GAACAAATGC TACTATGATG CTSATATTTCG AATGGTATTT GCCAAATOAC S3 

S3 

GGCAATCATT GGAACAGGTT GAGCCATGfAG GCAGOTAACT TAAAGAG-TAA AGGGATAACA X 20 



wo mmmi 
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GGTGTATGiSSs TCqCACCT^C ATG®yU»3©3 ACTTCCGASA ATGA.?CTASS TTATGGACJCC 130 

'mimTTTAT ATGATCTTGG AQASHTO&S? GASAAG^GA CQGTTCGmG AAAATATGSA 240 

S ACACSCJSft.CC AQCTACAS3SC TGCGGTCACC ^TrsmAAAR A^AACGGCAT TCAGGTAT;A<r 300 

GGTGATGTCG TGATGAATCA X&AASGTGGA QCASATGGTA CGGAAATTST AAATGGGGTA 360 

GAMTGAATC GGAGCAACOG AAACCAGGAA ACCTCASGAC: ASTATGC A A T AQAAGCGTGS 420 

10 

AC&&ftOTT3KI ATTTTCCTGC AAGA60AAAT A^CATTCCA GCTTTAfUsTG GCGCTOOTA? 4 SO 

CATTTTO&TG CGAGAGATTG G^TC&CTCA CGGCAGCrTC A&AACAAAAT ATATAAAX'TC 540 

X5. ftGOGGAACAG GCAAGGCCTG GGAGTGGGAA CTCS»?ftCAS AGAASGGCAA CTATGACTAT S0G 

CTTATGTATC CAGACGTGGA TATSGATCAC CCAGAASmft TACATSAACT TAGAAACTGG S«0 

GGAGTGTGGT ATACGAATAC ACTGAACCTT SATGGA3TTA CAATAGATGG AGTGAAACAT 720 

SO 

ATAAAATATA GCTTTACGAG AGATTGCCTT ACACftTKSTGC G'i'AACACCAC ACAiTAftACCA 700 

ATGTTTOCAG t raGCfOACTT T1X5G AAAAS.*!' GACCTTGGT^ Cmit^AAAA ^mtff^^ 840 

35 AAA&CA^GTT GGAATC&CTC GG'^STTTGAT GTTCCTCrCC AGTM^AATTT CTACAATSCA $'00. 

TCtAAT&OCG GTGGTTATTA TGATATCACA S&TATSTTiJi ATCSTTCTST OSTGCAAAAA 960 

GATCGAACAG ATGCCGTTAC TTTTCTTGAT AACCATGATT CTCAGCCOSG aOftASCAOTS 102:0 

SaATCCTTTC WCAfiSAATG GTTCAAACC& C^GCP^AfG CATTSOTTCT GACAAGGGAA 1080 

CAAGGTMC COTCCOTATt TSWGXmW- •'KRCTApQ^R TCCG^CCCA ^TG^CCG H« 

35 SCTATtaAAAT CTAAAA^AQA CX^TCTa'CTG C&£&CACGTC AVsCT'TTTSjC CS^AaGC'vACG 1:200 

CAOCA^SAXT M?m<mQ& |CWW. hfOmmSSk CASipftCAGGG AAA^CTCC 12 SO 

m?CCPm%? CMiQCCFVQQ CACC^d^ TCAGATCJC^C GAGSIXsGTAA CAAATGGATG 1320 

^ TATGTGGGGA AAAATAAAGC GGGA.CAAGTT TGG^AGAm TTACCGGAAA TAGGACAGGC 1380: 

AeCGTCACSA TTAATGCAGA CG^ferCGSG 1 ? A^XTTC^CXS 1 TMAlttGAGG GTCGGTTTCO 144 0 

45 GTTTGGGTGA ASCAA 1455 

(25 ISFOSMATIOH FOE SEQ ID SO: 14: 
U) SEfiGEHCS CHAHACTHS1STICS: 

(A) 1455 basra pairs 

so (Bj TAPE; nucleic acid 

{C) STSA«'DSr*5SS3 : siHSjls 

(D.) TOPOLOG2" ; linear 
(H> molsciAjS type- dsta {genomic) 
(i US Organise x Bacillus sp, 

CATCATAATG OCAGAAATGG SftCORSSlP CSATAC^TTSS AATCGCACTT GGGTAATGAT 60 

GGGAAIGACT GGA&mGAST AAGAGATGAT GCTAGTAATC XAftCftAATAG AGGTATAACC 120 

GCTATTTGGA TTCCGCCTGC G^CSAAASSG ACtTTCGGAAA ATGATGTGGG QTASGGAGCG 18.0 

TATGATCTT? ATSATTTAGG GCAASTTAAX CAAAAOGGGA CCSTXCS ! £SC TAAGTATGGO 240 

5S ACACGTAGTG AATTGSASTC ^CCATCCAT GCXT^AAASA ATAA-TSGCGT TCAAGTTTAT 3 00 

GGGGASSTAS TGATGAACCA TAAASSASGA GCTfWff GGTA CAGAAAACGT TCTTGGTGTG 360 



wo oa«$5$0 





GAGGT'OAATC' 


CAAATAACCS 


aAM'CAAGAA ATATCTSGGG ACTACAGAAT TOA««etESS6 


420 




ACTAftPTTTG 


ATTTTCCAGG 


QAGSGGm^T ACT^GTCAG ACl'TI.'ASATG GCGTTGG'TAT 


480 


C 


CATTTCGATG 


GTGCAGATTG 


GGATCAJVTCA fiMTO AAAA'TGGTA't CTACAA&GTC 


S40 






OTAASCSCATG 


GOWrT&SSAA Of&G&'XTDQ© AAAATGGAAA TTATGATT&T 


600 


16 


TTAATGTATCs 




m^OSATCAT CCGGAGGTAG TAAATSAGCT TAOAM5A1S3G 


sso 




GGASSATSGT 


M&CA&ATAC 


ATmfeMcrr' satggattta g-gatogatgc ggtgaagcat 


720 




ATTAA^TATA 


GCTTTACACG 




780 








ffsmM^T GATTTAGGTG GGSTGGAGAA CTATTTAAAT 


840 




AA&ftCAA&CT 




SSSCTTTGAT STGCCCCTTC ATTATAATCT TTATAACGCG 






TCAAATAGTG 


SAGGCAR.GTA 


TaAC&TGGCA AAACTTCi EA ATSGAACGSI" TGTTCAAAAG 


sso 




CATCCSATGC 


ATGCC3TAAC 


rrnas^T aatcacgatt ctcaagctgg s-saatcatta 


1020 




gaatcatttg 


TACAAC-AATG 


GTrmAQccA crrGcrrATG cgct^atttt aagaagaosa 


iiOSQ 


ejASGCTATe 


CCTCfCTCTT 


CTATGGTGAC X^TATGG&A TTSCA&CACA. TAGTGTCCCA 


1140 




GC^TGA&AQ 


CCAACxATTGA 


TCCAATCrm GAGGCGCGTC .AAAATTTK3C ATATOGAACA 


1200 


30 


CAACATGATT 


ATT^TGAOCA 


TCATAATATA ATCGGATGGA CACG1TSAAGG AAATACCACG 


1260 




cAtcccAivrr 


CAGSACmC 


GACTATCAXG TCGGATOGGC CAGC<3G<3AGA GAAATGGATG 


122 D 






A&AATAAAGC 


AC3GTCAAGTT TGGCATGACTs. TAACTSGASA I'AAAGGAGGA 


1380 




AeAGTfficaA 


TCAATGCAGA 


^SATSOGeT -AAfTTOCftiS TAAATOSAGG AXCTGTTTGC 


14.4.0 




ATTX3GGT0A 


AACGA 




1435 



40 

te) .IJIFOHMATIOW FOR SEQ ID $Qi IS; 
U5 SEOOESSCE CHARACTER 1 ET.T.CX : 

(A) 1<EHGTH' : 74 base pairs 

(B) TYPE; nucleic, acid 
*-S (C) SX8AHDBDNSSS : siaqle 

033 TOPOtOGYs linear 
(ii) MOLECULE TYPE: otbsr nacleic &cid 
(IX) FEATURE: 

(Ai •jj'AMB/ KEY; mi kc~ feature; 
St> (S) OTHER X»FOS«ATI«- /desc - !! RSHGT i! 

(ix) FEATURE: 

{AS mm/mVi tai.sc- feature- 
m 21-63 

(D) ; OTHER INFORMATION; /Hate* l;OnA, 1%T, 1%C,. 1%G 
55 2;<>7*T, 3,%A:, 1%C; 1%G 

3:<>7?.0, 1%A, 1%T, 1%G 
4 ; 87%G. A%A, 1%T, 1%C 
Ui) SS0UEGCE DESCRIPTION ; SSQ ID GO. IS: 
GCGTTTTGCC GGCCGACATA 312254.32:22 4333313344 
GO 4233423242 2122112.43.3 43CAAACCTG AATT 74 



(2) mm&mriaa foe ssq to ho: i€..t 

(i) GSQ0SSC8 CKASAGTERISTXCS ; 

«5 (A? lsstsSTK; 122 'base .-pairs 

(B) TfPEs isaeieic scid 
(C5 STSA^DSOMSSS > siAglc 



WO 00/29560 



m\ topology-, linear 

Hi) MOLECULE TYPB; other nucleic acid 
iix) ESATtlRB ; 

(A) NET: Td.SC -feature; 

S (Bj OTHER I>iFO»>'ATiOE; /ifessc ... ".RSBRI.T " 

Cix-j FEATURE 5 

ik) NAMB/KSY; misc~f«ature- 
;B; LOCATION: S.s -104 

CD) s OTHER INFORMATION: /Note* is$7%&, iSf; I%C ( X%0 
IS 2:37%T, 1%A. I%C ; 1%G 

3:37*0, 1%A, itT, 1%G 

txi; DESCFIFTXOM; 3BQ Xt> NOs 16: 

GCOTTTTGCC GGCCGACATA C&TZCGCSTV OeCCCACCGG GTCCGTCTOT 
15 TATTAATOCC 80X133324 n 22 243II3 24143242-34 332233322.4 
233IGCCOAC AATQTCATGG TO 

(2 5 INFORMATION FOR ESQ ID »r 3.7: 
fi) SEQUENCE CHARACTERISTICS; 



20 (A3 LENGTH i 78 base pair's 

(B) TYPE; nuclei c «cid 
;;c;. STRASDSDifESS : siaqle 
(d; topology; Utoaax 
(ii) MOLECULE <m>£-. other aucrleic acid 
25 Cixj FEATURE ; 

(.A) SAMS/ KEY; mis«-£eatur«; 

CD) OTHER INFORMATICS; /desc « "RSKRIH" 
Cix) FEATURE ; 

(A! NAMB/KEY: misb-f fisfcare 
30 {&) LOCATION! 33-60 

(D) t OTHER INFORMATION; /Note- 1.-*7%A, 1%T, :t%C, 1%G 

3;§?%T, 1%A, X%C< X%<3 
3:97%C, 11A ; 1ST, 1%8 
4:97*0. im. LIT, 1%C 
35 Cxi) smmiiZCX DHgCSIPTIOH: SSO XX) NO; 17 x 

GTCGCCTTCC CTTGTCCA4 3 3413112423 1244244234 11121123X2 
4324243233 GTACGCATAC TGTTTTCT 



40 !2) INFORMATION FOR SEQ ID HO: 13 r 
{.1} SHQUENCF. CHARACTERISTICS: 

(A) LSNGXII ; 20 basse pairs 
(8) TYPE." nucleic acid 
{0} 3TEASDSDNSSS ; single 

4.S (OS topology s linear 

(ii) MOLFCGLE TYPE; other nucleic acid 
(ix) FEATURE; 

(A! HAMS/ KBYs misc- features- 

(B) OTHER INFORMATION ; /assc * "FSERIIT" 
£0 Cxi) SBQLWCB DESCRIPTION ; 8EO. IB NO.- 18s 
TGGACAAOOO AAGOCGAGAG 

(2> mmsim&im for sbq xd no* isu 

Ci> SEQUENCE CItSvRACTPRXST'i.CS : 
5S <&> LSMGTH; 81 bass pairs 

(B) TYPE; mjcieie acid 
(Ci STRAMDSONBSS : sitKjIe 
(.0! TOFOLOGY; linear " 

(ii) MOLECULE TYPE: other nscieiq- acid 
«0 {ix> FEATURE; 

CA> NAME / KEY; !aise-f;eatti£e; 

(E? OTHER INFORMATION:: :/.&&&&■. « "KSERV 
(ix) FEATURE ; 

(A) NAME/ KEY ; misc - feature 
SS i'B) LOCATION t 19 -SO 

CD); OTHER INFORMATION; /Sot** 1 : 37%A,. X%T, X*C, X%« 

2:3'?^, I%A ( X%0, X%0 



wo famm- 
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3;9?%C ; M, IS® 

4:9?KA 1%A, 1%T,. 1%C 
(xiS SBQU8SO: OBSCKIPTXON: BSQ. X» 2.9* 
TAAGATCGGT TCAATTTT43 42-223:XX443 1*41122234 34324S4142 
S 3 2332223 4 2 CCCGTACATA TCCXGGTAGA A 

(2) INFOENATIOS? FOR SSQ I'D HO; 20: 
H) SSQUHKCB CHARACTERISTICS; 
%tt (A) LSNG-TB ; IS base pairs; 

(B) TYEB ; nucleic acid 

; aiagia 
Co.; topology : linear 
Ui) mi&CUW TfP%t other nucleic acid 
is tlx) m&ra-R®,! 

(Aj SS&ME/ KEY: misc-f«atar8: 

<B) OTHER INFORMATION t /desc « *FS3W ! 
<xi5 SBOOEHCE OSSC&XPTIOS : S8Q IS MO: 20; 

&A&&TTGAAC CGATCTTA IS 

20 

(2) ISfFOHKATXOJS fOS SSQ XO HO; Sir 
(%) SSQUFKCF, CHARACTERISTICS:;: 
lA) LENGTH.; 10? basjs pairs 
as. (B) : TYPB- nucleic acid 

(C) STJt&H&KSMSSS i single 
(£>) TOPOLOGY: Uaea? : 

<ii) NOLHCUUS TiPSt other nucleic acid 
Ux) FEATORS ; 

38 (A 1 ; 'SiftME/ KEY: fci.sc~feafc.are-. 

(B! OTHER INFORMATION: /desc « "FSESVII" 
( is) EEKBJRK; 

{&>■ RAME/KSY: mise-feafcnre 



40 



m 'LOCATION: 54 ~SS5 
(D5 % 



35 (Sh OTHER INFORMATION: /Hote- XrjmA, X%T, XtC, 1%G 

3;S?%C, 1%A, X%T t X%« 
4:$7%0> l*K, 1W, X%C 

(xi) ssosacE description? st® 21' 

TTCC/VrOCTO CATCGACACA GGGAGGCGGC TSAT5ATATGA SOAAATTGCT 
GAAM421M 4234222331 143X233422 411X234422 13122TGTCG 
ATAACCA 108 



4S (2 5 INFORMATION FOR SKQ 10 NO: 22: 
(ii SBWSRCE CHARACTERISTICS- x 
i'A) LENGTH: 18 base pairs? 
(B? TYPE: oucleic acid 
iC) STRANDEONF.SS; single 
50 505 TOPOEOGl 1 ; linear 

Ui> MOLECULE TYPE: other nucleic aedd 
{ia« FEATURE: 

f'At »&MB/ KEY: tftlsc- festers ; 

{bj other mzQxmtmm m&bc «. "rservxi" 

85 (xi) SEQUENCE DESCRIPTION ; SEQ 10 MO- 22: 

TGTCGATGCA OCATOOAA I s 

a) immmztm for sect xam*- n*< 

SO (i.) SEQUENCE CHARACTERISTICS: 

(A) LENGTH s 80 base pairs. 

(B) TYPE; mscleic acid 
(C'j STRANCIi.ONBSS ; aiagla 
(OS TOPOLOGY : linear. 

S3 (ii) MOLKC.SL.F TYPE; othar xKsclaic acid 
(Pk! FEATURE; 

(A) NAME/ KEY : «is3c-feat«ra: 



{&) other wmm»®io&-. /dese -f FSSRIX» 

itX) FB&TORS ; 

(A) MS/m ; ;rdSC --feature 
fiS) LOCATION: 21-6-2 
5 i'D) : OTHER INFORMATICS : /Sfotfc* i:.3?%A, X%Sr>: I%C f i%& 

2;37%T, 1%A, 1*C> **6 

:i:S7%C. M&, 1%:T ; X%3 

{xi} REODSBCB DESCRIPTION : SKQ IB NO: 23: 
10 GTCeAAACAT OSTrTAAOCC 4322432213 432323122? 2313134443 

1232441213 33 TCAGGTTT TCTACOOOGA- 80 

(2) INFORMATION FOR SE$ 10 JK?> 24; 
{i'j SEQtOTCE CHARACTBSISTXCS: 
IS (A) X45NOTK: 30 3sss'« ©airs 

(Ss TYPE; nucleic acid 
{C) STSMmWOmSS s single 
0) TOPOLOGY; linear 
U1S ^OEECOI.-R TYPE; other ftxieledfi; acid 

20 fix) FBATORSv 

{A} HSMB/ KEY: aiss.-f «at«re i 

{Si OTHER l^FORmTXOKj /deSC « "FisBRIX" 
(sci) SEQUENCE S3SSCRXPTX08-S SE0 XD NO; 25; 

GSCTTJV&ACC A^KSTTOGAC 30 

25 

■ ■{2) XSf'OSK&TXOS FOR SSQ IB 3SQs- 26 s 
{!) SEQUENCE CHARACTERXSTXCg-s 

(A) LENGTH; 24 base pairs 

(B) TYRE ; nucleic acid 
30 (C) STRAH5BDNBSS* single 

(135 TOPOSjOGY; lixMsai* 
{11} SC&ECULB TYPE : other »ucl*ic acid 
(IX) FEATURE j 

Cal 'JijftMB/ KBY: raise -feature? 
3S {B}: OTHER INEORSSM^ON; /d*SC - "Primer IB" 

cxi) sequence description; s£q xs mo; 2s: 

cg&ttoctsa csctgtxatt tgco 24 



(25 XHFORMATrOM FOR SSQ XD SO; 2?; 
40 (i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH ; 25 has*? pairs 
{S! TYPE; nucleic acid 
;c; straudedness : single 
(n) TOPOLOGY; linear 
4S (il) MOLECULE TYRE ; other nucleic acid 
UX> FEATURE: 

{A) NAME/ KEY; mi sc- feature ; 

(B) OTHER INFORMATION ; /desc « "Primer M3" 
(xi) SEQUENCE DESCRIPTION: 3BQ ID NO; 27; 
50 CTA TCTTTOft. ACATAAATTG AAACC 33 



(2C XWOBM&TIOS FOR SKO. 10 »; 2S: 
i.i.i SEQUENCE CHARACTERISTICS; 
ss CAS LENGTH: 20 base pairs 

(S) TYPE; nucleic acid 
{Ci STS3CIDEDNYS 3 ; «x:;sgl* 
(O) TOPOLOGY; Unear 
fix ) MOLSCGX-E TYRE; other nucleic acid 
(50 (is?) FEATURE ; 

m HAYiR/ key; mlsc-Seafcures 

(B) OTHER imm^itims- *U>rmx$. i»im«rl-" 
(Xi J SEQUENCE DESCRIPTION- SBO. ID BO; 28 V 

caectqeaqt caqqeaacta 2C f 

(2) INFORMATION FOR SEQ XD BO; 2R= 
W SEQUENCE CHARACTERISTICS; 



wo w/ztm 



(A? EESGTK; 20 bass pairs 
03) TY-?H; nuclei* acid 
{C) S'TmmsmBBBi single 
{»). TOPOLOGY; lirs«ar 
s >?QI<ECGLS TZmt other nucleic acid 

(iX; FEATURE ; 

(A) is&MS/ KEY; misc -feature. j 

(B) QTHSF •hkgvj.MATION : /desc "reverses pawner 1* 
fei> S-E$UBKCE DGSCSXPTXO'K'; SSQ ID HO: 29: 
Mi ta«agfcegac ctgc*ggeafc 20 

(2) x»formaxxo» for skq xts )»? so : 

il) SEQUENCE CHARACTER 1 ST ICS : 
(Aj .LEXA3TH ; 20 base pairs 
•>5 (8 ; TYPE; auclelc acid 

iC) STSAMDSSHHSS: single 
CO) TOFOLOGys linear 
(ii> mhWXStSB TYPE; other nucleic acid 
{.i'XJ FEATURE : 
20 { A ) NAME/ KEY; mige~f.ea:t«res 

{8; OTHER liJFQRMATIOS' ; /dese « ''forward primal 2>< 
(xi) SEQUENCE OSSCRirri-OK; SEQ lip SO; 36: 
gaeetgcagt caggc&sscta 30 

SS {%} rKFORHATXOH FOE SEQ IB &0; 31 v 

(A) iaSOTI: 2S bass pair® 
(&) TYPE; nucleic acid. 
(C) STRAKBEFNESE 5 single 
30 (») TOPOSXHSY: linear 

CM) ^GBEGUES TYPE; other nucleic, acid 

(A! M&ME/ KSY : wise - feature ; 

(3) OTHER limmmri&ix Mesc * "reverse primer 2" 
3 5 (xi) S^BSPCS LEGCEX ETXOK' ; SSQ 10 150: .31 1 

tagagtcgac csfegcaggoafe: 20 

(2) ■mptm®&xm'.Fm sbq m mo: sa: 

40- Si5 SEQUENCE CHARACTERISTICS : 

(A) LcSSOTH ; 2084 base pairs 

(B) TYPE; nucleic, acid 

(C) STRANDEDKESS : single 
(03 TOPOLOGY.; linear 

45 (11$ MOLECULE TYPE; DJ5A {ge&oMcJ 

Uii) Organism; BaciJlus a;r,yioliq«ef aeiens 
fix) FEATURE ; 

(A! JSAME/KSY; CPS 
{8} LOCATION: 34 3. ,X7#& 
50 {?.i5 SEO^GSHCE DESCS.XPT.tON; SEC IE EC; 12: 

GCCCCGCACA TACGAAAAGA CTGCCTOAAA ACATTOAOCC TTTGATGACT GATS-ATT'TGG 60 

CTOAACAAGT GGATCGATTG TTTGAGAAAA GAAGAAGAGC ATAAAAATAC CTTGTOTGTC 130 

05 

ATCAGACAOG GTATTTTT'YA TGCTGTCCAC ACTOTCCGCT OTQTAAAAAT AACQAATAAA 130 

GGGGGGTTGT TATTAl^ETTA OS&T»a AAATATAATT TGTATAAGAA AATGAGAGOO 240 

SO AGAGGAAACA TGATTGAAAA AOGAAAGCGG ACAGTTTCG-T TCAGACTTGT GCTTATOTGC .3 SO 

ACGCTGTTAT TTGTCAGTTT GCCOATTACA A^AAEATCAG CO GTA AST GGC ACG 35* 

CTG ATG GAG TAT TTT GAA TGG TAT ACG GCG AAG GAC GGC GAG CAT TOG 402 

AAA OGA TTG GAG A&T GAT GCG GAA CAT TTA TOG GAT ATC GGA AT€ ACT 450 



24 

GCC GTC TGG ATT GCT CCC OCA AAA GGA TTG AGC C8A TCC GAT AAC 4.58 

em TAc gga cor tat gat ttg tat g» tta. gga gaa ttc cas caa aaa S4« 

.5 GOG ACC GTC ASA AG© AAA TAG SGC ACA A&A TCA ®m CTT CAA GAT GCG 554 

ATC GGC TCA CTG CAT TCC CGG AAC GTC CAA OTA '"AC GGA GAT GTG GCT 542 

TTG AAT CAT AAG GCT GOT GCT SAT OCA ACA GA& GAT GTA ACT GCC GTC SSO 

OAS. GTC AAT COS GCC AAT ASA AST CAG GAA ACT TOG GAG <3AA TAT CAA 738 

ATC AAA GCG TCG ACG GAT TTT CGT TTT COG GGC CGT CCA AAC ACC TAG 7 86 

IS ACT GAT TTT AAA TGG CAT TGG TAT CAT TTC GAG GGA GCC GAC TGG GAT 8.34 

GAA TCC CCC AAG ATC AGC CGG ATC TFT AAG TTT CGT C3G0- GAA OCA AAA 332 

GCG TGG GAT TGG GAA GTA TCA jtm. GAA AAC GGC AAC TAT GAC TAT TTA SSO 

ATS TAT GCT GAT GTT GAC TAG Qm GAC OCT GAT GTS GTG OCA GAG ACA SC8 

AAA AAA TGG GCT ATC TGG TAT GCG AAT GAA. CTG TCA TTA GAC GGC TTC IG26 

25 CCT ATT GAT GCC GCC AAA CAT ATT AAA TTT TCA TTT CTG CGT GAT TGG 1074 

GTT GAG GCG GTC AGA CAG GCG ACS GGA AAA GAA ATG TTT ACG GTT GCG 1122 

GAG TAT TGG GAG AAT AAT GCC GGG AAA OTC GAA AAC TAG TTG AAT AAA 1170 

30 

ACA AGO TTT AAT CAA TCC GTS TTT GAT GTT CCG GTT CAT TTC AAT TTA 1318 

CAG GCG GOT TCC TCA CAA GGA GGC GGA: TAT GAT ATG AGG CGT TTC CTG 1286 

55 GAC GOT ACC GTT GTG TCC AGG CAT CCC GAA AAG GCG GTT ACA TTT GTT 1314 

GAA AAT CAT GAC ACA CAG CCG GGA CAG TCA TTG GAA TCG ACA GTC CAA X3SG 

ACT TGG TTT AAA CCC GTT GGA TAG GCG TTT ATT TTG ACA AGA GAA TCC 1410 

GCT TAT CCT GAG GTG TTC TAT CGG GAT ATG TAG GGG ACA AAA GGC AC*. 14.53 

TCG CCA AAG GAA ATT CCC TCA CTG ASA GAT AAT ATA GAG CCC ATT TTA 1506 

45 AAA GCG CGT AAG GAG TAG GCA 'TAG GGG CCC CAG CAC GAT TAT ATT GAC IS 54 

CAG CCG GAT GTG ATC GGA TGG ACG AGG GAA. OCT GAC AGC TCC GCC GCC 1«.02 

AAA TCA GGT TTG GCC GCT TTA ATC ACG GAC GGA CCC GGC GGA TCA AAG ISS0 

50 

CGG ATG TOT GCC GGC CTS AAA AAT GCC GGC GAG AGA TGG TAT GAC ATA 1S98 

ACG CCC AAC CGT TCA GAT ACT GTA AAA ATC GGA TCT GAC GGC TGG GGA 1.7*3 

•SS GAG TTT CAT GTA AAC GAT GGG TCC GTC TCC ATT TAT GTT CAG AAA TAA 17 M 

CGTAATAA&A AAACACCTOC AAGCTGASTG C^GTATCAS CTTGGAGGTG CGTTTATTTT 1854 

TTCAGCOOTA TGACAAGGTC GGGATCAGGT GTGACAAATA GGGTATGOTG GCTGTCATAG 1914 

SO 

GTGACAAATC CGCGTTTTGC GCCGTTTGGC TTTTTCACAT GTCTGATTTT TGTATAATCA 1374 

ACAGGOACGG AGGCGGAATC TrTCGCGTTG GAA&.4AXAAG CGGCGATGGT AGCTGCTTCC 2034 

SS AATATGGATT GTTCATCGGG ATCGCTGCTT TTAAfCACAA CGTGGGATCC 2084 
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